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ABSTRACT 
In the design of any manual workspace, it is important for the designers to have 
access to data that can illustrate reach capabilities under real-time work situation. 
Wearing bulky clothing (pressure suit) and protective restraints (seat or shoulder 
harness belts) is often mandatory in high acceleration work environments. 
Clothing and personal equipment worn can influence the functional reach and 
strength values since they add to the body size. The present study was conducted 
to investigate the effect of wearing a VKK-6M pressure suit on functional reach 
limitations and strength values.  
The technology of incorporating body dimensions into cockpit design 
primarily evolved in western countries and therefore the only datasets available is 
of Caucasians. When designing equipment for populations other than westerners, 
western anthropometric data is inappropriate. In this thesis a representative 
sample of Caucasian and Asian Indian population are chosen and their reach 
envelopes are compared. Subjects reach and strength data are collected with and 
without-suit and analyzed to see the effect of pressure suit on reach and strength. 
The study concludes that wearing pressure suit reduces the average reach 
significantly (at α = 0.05). The 5th percentile Asian Indian and Caucasian reach 
envelopes are derived for placement of critical cockpit controls. Race-reach study 
showed a significant difference in shoulder breadth of Caucasians and Asian 
Indians (at α = 0.05), but no apparent relationship between bideltoid breadth and 
thumb tip reach was found. The study on significance of wearing pressure suit on 
strengths (at α = 0.05) concluded, suit does not affect static or dynamic strength. 
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CHAPTER 1 
INTRODUCTION 
1.1 Significance 
Aviation industry, in achieving its aim of optimizing use of space and weight for 
an aircraft, has the utmost need for applying anthropometric data into design. Functional 
anthropometric data can be used in improving pilot’s performance by minimizing 
stretching and over extension from the seated position. Care should be taken to 
incorporate anthropometric measurements for a wide variety of users while in the design 
stage of the equipment. This allows not only an average individual but also the extremes 
of a population, being able to operate the equipment equally effectively. It is important to 
realize that there is no average individual and designing for the average user is often seen 
as bad design, as it only accommodates 50% of a population (Pulat, 1997). An ideal 
cockpit design controls should be within the reach of the smallest operator while on the 
other hand, the cockpit should be able to accommodate 95 percentile of head room for the 
tallest operator.  In some situations, the dimensions of a workspace may become a 
limiting factor that may restrict its usage. For the aviation industry, this limitation on 
workspace eliminates a pool of potential recruits based on their stature and eye height, 
although they have appropriate anthropometric characteristics.  
If population differences are not been accounted during the design process, then 
the selection of users is required. The selection criteria are based on one of the two 
methods. The first is the trial and error, in which all the users who are unable to perform 
certain tasks at some point during the training are eliminated. The second approach relies 
on use of available data sources from various studies on reach demands of users 
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performing different operational tasks (Usher and Aghazadeh, 1988).  A person with 5% 
stature doesn’t mean the reach of that person falls in the 5% of population. Hence, before 
designing a workplace, designers must look into anthropometric and reach data of the 
people from different age, gender, race and work groups. This process of collecting data 
deals with physical measurements of a person’s size and form for developing engineering 
drawings and preparing mock-ups. The data thus obtained accounts for the selection 
criteria based on the reach, clearance and visibility requirements for that particular 
workplace.  
While designing an experimental setup, it is important to simulate the 
experimental conditions most likely prevailing in the work situations. For example, while 
studying a pilot flying a high altitude aircraft, an Anti-G-suit (Anti Gravity suit) which 
protects him during rapid accelerations and fast turns, has to be considered. Most of the 
design data collected on functional reach is gathered under light clothing and under 
earth’s gravitational field which does not affect the reach measurement. The length of 
functional arm reach is dependent on the kind of task or operation to be performed. As 
shown in Table 1.1, sustained high-G accelerations can significantly influence the 
functional reach capability or range of motion of an articulation. 
Table 1.1: Influence of high-G accelerations on reach capability 
 
Acceleration Level  Reach Motion Restricted To 
Up to 4 G             Arm 
4 to5G              Forearm 
5 to8G           Hand 
8 to 10G     Fingers  
Source: Webb Associates (1978)  
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Factors affecting reach can broadly be classified as functional requirement, 
protective equipment worn and race. Functional requirements include wearing protective 
restraints (e.g. seat or shoulder harness belts) that are often required in vehicles or other 
work environments where unexpected acceleration or deceleration may occur.  Restraints 
can significantly alter reach measurements. Thus, use of anthropometric datasets 
developed using similar restraint systems is required. Sustained high-G accelerations can 
significantly influence the reach capability or range of motion of an articulation (Table 
1.1: Webb Associates, 1978). Normal reach tasks that people perform in day to day 
activity require coordination of multiple body segments rather than maximum effort.  A 
task requiring only a finger grip pressure (push button) can be located at the outer limits 
of the arm reach, as defined by the finger tip reach would be the maximum functional 
reach attainable. Where as, other tasks that may include rotation of a control knob 
between thumb and forefinger which would result in reduction of functional reach. Tasks 
like full hand grip of a control level would reduce maximum functional reach further. 
Jobs where precision or continuous operation of an equipment or tool is required, the 
controls should be located further close to the operator (Pulat, 1997).   
When designing reachable controls, one should consider any potential restraint 
caused by the persons clothing.  Clothing and personal equipment worn on the body can 
influence functional reach measurements significantly. The effect is mostly a decrease in 
reach, but this decrease has to be considered if clothing or equipment is bulky and 
cumbersome. This empathize the point that most design data collected on functional 
reach is gathered under light clothing and under earth’s gravitational field which does not 
affect the reach measurement.  One of the neglected areas in equipment and workplace 
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design is optimization of the matching of equipment with the specific characteristics of 
the operators and users (Lamey, Aghazadeh and Nye, 1991). Hence when designing for a 
set of users, the anthropometric characteristics of the users has to be considered. 
Caucasian population generally has wide shoulders and large stature than Asian Indians. 
When designing equipment for Asian Indians, western anthropometric data is 
inappropriate and equipments designed considering the anthropometry of western people 
would not be suitable (Viren et al., 2002).  
1.2 Rationale  
Clothing and personal equipment worn can influence the functional reach 
measurements since they add up to the body size. The effect is mostly a restricted 
movement and decrease in reach (Pulat, 1997). This decrease in reach has to be 
considered especially if clothing or equipment is bulky and cumbersome. Design data 
collected on functional reach is typically gathered under light clothing which does not 
affect the reach measurement. Investigating reach effect after wearing a VKK-6M Fighter 
Pilot Pressure suit can be a contributing factor to reach limitations.    
 Another, contributing factor that has been ignored by most researchers is race. 
Considering the human anthropometry, bideltoid breadth can be an important parameter 
that defines reach. Verin et al. (2002) functional measurements show that bideltoid 
breadth of Americans is more than Asian Indians. Caucasian population has broad 
shoulders, suggested by their large bideltoid breadth. Hence population differences might 
contribute in defining reach.  It has to be very significantly considered that Asian 
countries buy military supplies from countries like U.S.A. and Russia. The technology of 
incorporating body dimensions into cockpit design has primarily evolved in western 
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countries and hence the only data sets available are of Caucasians. Considering, the wide 
variability of human races, the next question that arises is, can the reach data of U.S. 
population be directly applied into the design of cockpits for Asian Indian population. 
And to what percentage can U.S. anthropometric data be applied into the design of 
aircrafts for Asian Indians. A comparison of reach envelope of two populations, Asian 
Indian and Caucasian is studied in this research. 
Real time maneuvers that pilots perform while flying, test their static and dynamic 
strength abilities which can be affected if the pilot is wearing personal protective 
equipments or restrains like pressure suit and shoulder harness. The effect of wearing 
pressure suit and shoulder harness on pilot’s static and dynamic strength has not been 
studied extensively and is investigated in the present study. 
1.3 Research Objectives 
The primary objective of the study was to investigate the effect of wearing a VKK-
6M Fighter Pilot Pressure suit on functional reach measurements. The thesis also 
analyzes the population differences that might contribute in defining reach. A 
representative sample of Caucasian and Asian Indian population were chosen and their 
envelope is compared. Hence the 5th % reach envelop was evaluated for both populations 
and the smallest 5th percentile envelope was chosen for the placement of critical cockpit 
controls. Specifically, the research addresses the following issues: 
• The possible variations in reach distance with and without-suit  
• The effect of pressure suit on reach 
• To provide reach data feedback to equipment designers for corrective or proactive 
design modifications where applicable 
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• The possible variations in thumb tip reach and shoulder breadth values with 
respect to race. 
• The possible variations in measured strength values with and without-suit. 
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CHAPTER 2 
BACKGROUND AND LITERATURE REVIEW 
2.1 Introduction to Literature on Reach Experiments 
For the last five decades researchers have tried to accurately predict functional arm 
reach.  King (1947) measured the functional arm reach of 139 U.S. male subjects, 
restrained by a double shoulder and lap restraint. Measurements taken were from the 
extreme finger tip reach of right hand. King (1947) examined the effects of space envelop 
of ten pilots when the back rest angle was increased, and in 1948 he investigated on the 
extension of shoulder harness required to allow operation of all controls in certain aircraft 
(Bullock, 1974).  Dempster et al. (1959) noted that an adequate knowledge of body sizes 
and clearance tolerances is important for work area design and placement of controls. 
Later the importance of anthropometric considerations in design of cockpits was justified 
by a number of researchers. (Kennedy, 1964; Chaffee, 1970; Bullock, 1974; Kennedy, 
1978; Buckle et al., 1990; Rogers-Adams et al., 1998 and Zehner, 2002.)  
Dempsey and Emmanuel (1963) measured the reach performance of Air Force 
personnel in a seated position with right hand extended. Subjects stretch forward as far as 
possible with both shoulders resting on the backrest. Measurements were taken from the 
center line joining the seat and backrest as the reference point to the vertical hand grip. 
Kennedy (1964) tested the right hand reach of 20 shirt-sleeved male.  In an attempt to 
measure the effect of body restraints on the persons reach, Chaffee (1970) compared the 
space envelops of drivers restrained by four types of harnesses: lap belt, lap belt with 
separate harness, lap belt with integrated harness and lap belt with attached inertial reel, 
within a seated position resembling an intermediate passenger car. Later, he also 
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investigated the effects of reach limit on lap belt with attached inertial reel by increasing 
the reel length and also varying the height of the upper anchoring point of the shoulder 
restrain. Stoudt (1970) collected functional arm reach data of 200 subjects seated in a car 
seat, restrained by lap and shoulder belts.  Stoudt subjects reached 117 different points 
with thumb.  Bullock (1974) stressed the importance of taking measurements in 
simulated experimental conditions that are most likely to prevail in work situations. He 
also considered the need to modify specifications for safe restraint and seating 
accommodations. Based on the above assumptions, Bullock developed a method for 
collecting functional arm reach measurements of a representative sample of Australian 
light air craft pilots, firmly restrained by lap and shoulder harness. 
Kennedy (1978) studied outer and inner grasping-reach boundaries of the 5th, 50th, 
and 95th percentile of men and women. The reach envelopes are intended to guide the 
placement of critical hand operated controls for the seated operation and working body 
positions. From his study, Kennedy concluded that the most important envelope that 
should be considered for design criteria is the fifth percentile, since it describes a point 
past which ninety five percent of the user population can reach.  Shu and Zhenhua (1990) 
pointed out that most of the research done correlating anthropometric data with 
successful operation of equipment was done on Caucasian population. Shu and Zhenhua 
(1990) found the wide variability in measured functional arm reach envelope of young 
Chinese males. Buckle et al. (1990) tested British population on aircraft Boeing 737-200, 
747, 757, which are currently in use by airlines throughout the world. He examined how 
anthropometric selection criteria and design criteria for flight decks are related. He 
showed that limitations in design have considerably reduced the pool of potential recruits, 
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with appropriate anthropometric characteristics. According to Buckle et al., this selection 
criterion based on functional seated eye height, might exclude 73% of the British 19-65 
year old, female population and 13% of the male population. 
Kennedy et al. (1995) considered the demographics of pilot anthropometry in his 
paper, focusing on the aspects of anthropometric accommodation in aircraft cockpits as a 
multivariate model for accommodation criteria. He developed a set of evaluation 
procedures to assess the anthropometric accommodation limits of cockpits. Seven aspects 
of accommodation were examined that included overhead clearance, operational leg 
clearances, control stick/wheel operation clearance, ejection clearances, rudder pedal 
operation, visual field, and hand reach to controls.  To determine an aircraft's body size 
pass/fail criteria, Rogers Adams et al. (1998) established operational requirements for a 
pilot to safely carry out flying maneuvers. As the basis for the pass/fail criteria, the 
operational requirements must be as comprehensive and accurate as possible. Beth (1999) 
developed a more accurate procedure for defining these requirements. He considered 
static anthropometric measurements and concluded that combination of these two steps 
indicates the body size necessary for a pilot to be able to perform the operational 
requirements.  Zehner et al. (2002) determined the smallest and largest person that can 
safely and efficiently operate current USAF aircrafts. He experimented with 25 subjects 
on each aircraft and used multiple regressions to provide the best estimate for a particular 
accommodation parameter. Zehner et al. (2002) used seven aspects of anthropometric 
accommodation in each aircraft which include overhead clearance, rudder pedal 
operation, internal and external visual field, static ejection clearances of the knee, leg, 
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and torso with cockpit statures, operational leg clearances with the main instrument 
panel, operational leg clearance with the control stick, motion envelope and hand reach. 
2.2 Data Collection Technique Employed 
Data collection method plays an important role in predicting reach measurements. In 
their experiments to find functional arm reach boundary, King et al. (1947), Kennedy 
(1964), Stoudt et al. (1970), Bullock (1974) and Shu and Zhenhua (1990) used chairs 
mounted on rotating platform to provide angle. King (1947) used a series of vertical rods 
at desired horizontal levels and Chaffee (1970) used a horizontal rod projected from a 
series of vertical levels. However, Kennedy (1964) used 24 measuring wooden planks 
pointing radially towards the center of the shoulder joint. Most of the above researchers 
took the measurements manually, whereas Stoudt et al. (1970) used data from 
photographs taken by a digital camera integrated to a computer.  Shu and Zhenhua (1990) 
designed high precession equipment that can collect data accurately and conveniently. He 
used an interface of measuring rod, length transducer, and a microcomputer to get direct 
digital measurements. Photography and electronic interface between length transducer 
and microcomputer are more reliable means of collecting and storing data for a three 
dimensional problem. For a two dimensional problem where measurements are taken one 
plane at a time, any of the above measurement technique that is consistent and accurate 
can be employed. 
2.3 Race Dependent Reach 
Race is a contradicting factor that has been ignored by most of the researchers (Shu 
and Zhenhua, 1990). Most of the research done on reach is on American and European 
population. Many researchers have compared the racial differences in anthropometry of 
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Asian Indian’s with other races. Gite and Yadav (1989) measured the anthropometric 
data of 39 male farm workers coming from ten villages around the institute in central 
India region. The anthropometric data he acquired is in the following Table 2.1. 
Table 2.1: Indian Anthropometric survey for agricultural machinery users 
 
Note: The terminologies are according to NASA Anthropometric Source Book, 1978 
          All dimensions in centimeters unless mentioned 
Source: Gite and Yadav (1989)  
    Percentile 
Sl  Dimension Mean SD 5 50 95 
1 Weight (Kg) 49.3 5.95 39.5 49.0 59.1 
2 Stature 162 4.95 153.8 161.2 170.1 
3 Eye height 151 5.22 142.4 150.5 159.6 
4 Acromion Height 134.6 4.87 126.6 134.3 142.6 
5 Elbow height 102.6 4 96.0 102.1 109.1 
6 Olecanon height 99.2 3.76 93.0 98.7 105.4 
7 Lliocrystale height 98.6 4.32 91.5 98.7 105.7 
8 Lliospinale height 93.1 3.97 86.5 92.6 99.6 
9 Dactylion height 58.5 2.76 54.0 57.9 63.1 
10 Metacarpal height 68.5 2.89 63.7 68.8 73.2 
11 Knee height 46.6 2.10 43.1 46.5 50.0 
12 Vertical reach 210.7 7.72 198.0 211.0 223.5 
13 Vertical grip reach 199.3 7.20 187.5 199.0 211.2 
14 Shoulder grip length 70.9 3.21 65.6 71.0 76.2 
15 Arm reach from wall 83.1 3.91 76.6 82.3 89.4 
16 Thumb tip reach 76.8 4.96 70.4 75.9 83.3 
17 Chest breadth 25.8 1.70 23 25.7 28.6 
18 Biacromial breadth 35.7 2.35 31.8 35.8 39.5 
19 Bideltoid breadth 40.8 1.86 37.7 40.8 43.8 
20 Hip breadth 29.5 1.25 27.5 29.7 31.5 
21 Abdominal extension to wall                                                           23.9 2.06 20.5 24.0 27.3 
22 Chest circumference 83.1 4.48 75.8 83.2 90.5 
23 Span 170.3 6.63 159.4 170.0 181.2 
24 Sitting height 83.8 2.52 79.7 84.0 88.0 
25 Acromion height (sitting) 55.7 2.08 52.2 55.9 59.1 
26 Eye height (sitting) 73.9 2.62 69.5 73.5 78.2 
27 Elbow-elbow breadth 38.4 2.88 33.7 38.2 43.1 
28 Elbow-grip length 33.6 1.50 31.1 33.6 36.0 
29 Elbow-rest height 20.3 2.02 17.0 20.0 23.7 
30 Buttock knee length 55.6 2.10 52.1 56.6 59.0 
31 Buttock popliteal length 46.6 1.75 43.7 46.8 49.4 
32 Knee height (sitting) 50.9 2.97 46.0 50.6 55.8 
33 Popliteal height (sitting) 41.6 2.07 38.2 41.3 45.0 
34 Thigh clearance 13.4 1.32 11.1 13.2 15.7 
35 Vertical reach (sitting) 130.3 5.50 121.2 130.9 139.3 
36 Vertical grip reach (sitting) 119.2 4.40 111.8 118.9 126.6 
37 Forearm hand length 45.9 2.00 42.6 46.0 49.2 
38 Hip breadth (sitting) 30.8 1.56 28.2 30.6 33.3 
39 Functional leg length 96.6 5.51 91.1 96.5 105.6 
40 Hand length 18.3 0.84 16.9 18.1 19.6 
41 Hand circumference 19.9 0.81 18.6 20.0 21.2 
42 Hand breadth 8.3 0.36 7.7 8.3 8.9 
43 Hand breadth across thumb 10.2 0.33 9.7 10.2 10.7 
44 Hand circumference including thumb 23.5 0.87 22.1 23.5 24.9 
45 Hand thickness 2.8 0.27 2.3 2.7 3.2 
46 First phalynx digital height 6.4 0.33 5.8 6.4 6.9 
47 Palm length 10.3 0.67 9.6 10.1 11.4 
48 Foot breadth 9.6 0.42 8.9 9.6 10.3 
49 Foot length 25.0 1.00 23.4 25.2 26.7 
50 Grip diameter (inside) 4.1 0.30 3.6 4.1 4.6 
51 Middle finger-palm grip diameter 2.8 0.26 2.4 2.8 3.2 
52 Grip strength (Kgf) 36.2 10.40 19.1 35.0 53.3 
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Gite and Yadav (1989) also compared his results with the existing literature on 
Asian Indians workers and is summarized them in Table 2.2. 
 
Table 2.2: Indian Anthropometric survey for agricultural machinery design vs. earlier 
surveys 
 Note: Verin et al. (2002) column was added for comparison 
Source: Gite and Yadav (1989) 
 
 India is an agriculture-based, developing country. A large section of Indian 
population is involved in crop cultivation. Sengupta et al. (1964) took an anthropometric 
survey of Asian Indians agricultural farm workers. Later, Gite and Yadav (1989) and 
Verin et al. (2002) also took measurements of Asian Indians but a different work group 
consisted of industrial workers was studied in their research. In Table 2.3, anthropometric 
data of 1978 NASA Air Force male flyers are plotted in column E and compared to Asian 
Indians anthropometric data from various studies. From the below Table 2.3, It is evident 
that American NASA population is larger than normal Asian Indians population.  
 
Work Category Non-agricultural  Agricultural 
Body Dimensions 
Sengupta 
and sen 
(1964) 
Sen 
(1964) 
Pandey 
(1970) 
Gumansingh, 
et al. (1972) 
Sen, et 
al. 
(1977) 
Gupta, 
et al. 
(1983) 
Gite and 
Yadav 
(1989) 
Verin 
et al. 
(2002) 
No. of subjects 499 40 75 100 192 40 39 300 
Weight 50.9 54.7 48 52.9 45.9 61.8 49.3 56.69 
Stature 136 164.4 161 163.8 161.5 168.5 162 163.78 
Chest 
circumference 83.7 84.3   78.7  83.1 82.79 
Bideltoid breadth 40.2 39.9   38.5  40.8 36.4 
Arm reach from 
wall 83.5 82.8     83.1 82.4 
Sitting height 85.1 86.2  81.9   83.8 77.47 
Popliteal height 40.3 42  42.8  41.8 41.6 49.84 
Buttock Popliteal 
length 46.6 45.6    48.3 46.6 57.64 
Span 169.5 169.8     170.3  
Hip breadth 
(standing) 29 29.2   27.8  29.5 30.6 
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Table 2.3: Comparison of Indian measurements to NASA Air Force male flyers 
anthropometry 
 
A recent study by Viren et al. (2002) showed (Table 2.4) that the Asian Indians 
are smaller than western people (Americans, Swedes and Germans). 
Table 2.4: Anthropometric survey of Indian farm workers vs. westerners 
 
S. 
No. 
Body Dimension Indian 
Viren et al. 
(2002) 
American 
NASA 
(1978) 
Swedes 
NASA 
(1978) 
German  
Jurgens et 
al. 
 (1972) 
Japanese 
Yokohori 
(1972) 
 No. of subjects 300 3091 87 NA NA 
1 Weight 56.69 74.9 71.6 NA NA 
2 Stature 163.78 173.2 174.1 174.5 165.8 
3 Chest circumference 82.79 99.2 NA NA NA 
4 Bideltoid breadth 36.4 42.8 NA NA NA 
5 Arm reach from wall 82.4 85.8 NA NA NA 
6 Sitting height 77.47 90.5 NA 91.9 90.4 
7 Popliteal height 49.84 44 NA 45.4 40.2 
8 Buttock Popliteal length 57.64 49.4 NA NA NA 
9 Hip breadth (standing) 30.6 35.4 NA NA NA 
Source: Viren  et al.  (2002) 
 
Body dimensions for Asian Indians were found lower than the western people except 
for popliteal height (sitting) and buttock popliteal length in which Asian Indians have 
higher value of body dimensions (Table 2.4). Thus, for designing equipment and tools for 
Work Category Non-agricultural  Agricultural  
Body Dimensions 
Sengupta 
and sen 
(1964) A 
Sen 
(1964) 
 B 
Gite and 
Yadav  
(1989) C 
 Verin et 
al. (2002)  
D 
American 
NASA, 
1978.  (E) 
E>A E>B E>C E>D 
No. of subjects 499 40 39 300 3091     
Weight 50.9 54.7 49.3 56.69 74.9 Yes Yes Yes Yes 
Stature 166 164.4 162 163.78 173.2 Yes Yes Yes Yes 
Chest 
circumference 83.7 84.3 83.1 82.79 99.2 Yes Yes Yes Yes 
Bideltoid breadth 40.2 39.9 40.8 36.4 42.8 Yes Yes Yes Yes 
Arm reach from 
wall 83.5 82.8 83.1 82.4 85.8 Yes Yes Yes Yes 
Sitting height 85.1 86.2 83.8 77.47 90.5 Yes Yes Yes Yes 
Popliteal height 40.3 42 41.6 49.84 44 Yes Yes Yes No 
Buttock Popliteal 
length 46.6 45.6 46.6 57.64 49.4 Yes Yes Yes No 
Span 169.5 169.8 170.3 170.3      
Hip breadth 
(standing) 29 29.2 29.5 30.6 35.4 Yes Yes Yes Yes 
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Asian Indians, western anthropometric data will not be appropriate and equipments and 
tools which were designed considering the anthropometry of western people would not be 
suitable (Viren et al., 2002).   
2.4 Reach Capability of Pilots Affected by Personal Protective Equipment 
Lloyd et al. (1975) studied the effect of wearing a pressure suit on reach. He 
conducted experiments to measure the differences in reach wearing complete winter 
assembly suit that was pressurized versus shirt-sleeved non pressurized suit. His results 
are tabulated in the following Table 2.5 and 2.6. 
Table 2.5: Statistical results of 5%ile, Mean, Standard deviation and 95%ile  
 
 5%ile (cm) Mean (cm) S.D. (cm) 95%ile (cm) Level 
(cm) Condition Right Left Right Left Right Left Right Left 
SS-IRU 77.7 75.9 89.7 90.1 8.3 9.0 103.0 105.0 15 
MA-IRL 58.4 58.2 70.2 69.2 6.7 6.4 80 76.8 
SS-IRU 89.2 89.2 99.5 99.5 7.1 8.2 110.6 111.9 31 
MA-IRL 72.4 69.3 82.2 81.0 5.8 5.7 91.0 89.5 
SS-IRU 96.3 96.5 105.2 105.1 6.9 7.3 116.5 116.1 46 
MA-IRL 80.8 79.8 89.2 88.6 5.4 4.9 97.0 95.3 
SS-IRU 98.0 98.0 107.0 107.4 6.2 6.8 118.2 118.2 61 
MA-IRL 84.8 83.8 93.2 92.3 5.1 4.3 100.2 98.9 
SS-IRU 98.6 96.8 107.8 107.1 5.6 6.1 116.7 118.2 76 
MA-IRL 86.4 84.8 93.9 92.7 4.7 4.1 100.9 99.1 
SS-IRU 95.0 94.2 105.2 104.1 5.3 6.2 114.3 115.7 91 
MA-IRL 83.8 83.3 91.4 90.3 4.5 4.3 97.6 96.6 
SS-IRU 89.7 86.6 99.4 98.3 5.5 6.4 109.3 110.6 107 
MA-IRL 79.0 77.2 85.4 84.4 4.3 4.4 91.5 90.8 
SS-IRU 82.0 77.2 90.4 89.4 5.8 6.8 100.4 103.8 122 
MA-IRL 65.8 66.3 75.3 74.3 5.1 4.8 83.4 81.9 
SS-IRU 63.8 64.5 76.8 75.7 7.4 7.4 87.8 92.8 137 
MA-IRL 47.0 47.8 59.3 58.4 5.7 6.3 66.8 68.6 
SS-IRU 34.0 37.1 54.1 53.4 10.8 10.7 70.7 75.1 152 
MA-IRL   37.2 37.5 7.2 6.3   
Note: θ = 60°, SS-IRU - Shirt-sleeved, internal reel unlocked, MA-IRL - Maximum 
assembly, internal real locked. The 5th and 95th percentiles are not shown when the 
number of subjects is less than 30 for a particular testing condition. The number of 
subjects is 32 except where noted. 
Source: Llyod et al. (1975)  
 
Lloyd plotted the above data graphically concluded that there is a statistical and 
practical difference in arm reach capability of pilots, wearing complete winter assembly 
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pressurized suit and a shirt-sleeved non pressurized suit. Lloyd also concluded that there 
is a very negligible difference between the right and left hand reach.  
2.5 Brief Overview of Literature Review 
Table 2.7 gives a summary of literature review. For the last five decades researchers 
are trying to accurately determine functional arm reach. Importance of anthropometric 
considerations in design was justified by a number of researchers. (Kennedy, 1964; 
Chaffee, 1970; Bullock, 1974; Kennedy, 1978; Buckle et al., 1990; Rogers-Adams et al., 
1998 and Zehner, 2002.)  
Table 2.6: A brief overview of literature review 
 
Note: * - Pressurized complete winter assembly suit, ** - Shirt-sleeved non-pressurized 
suit 
 
Design data collected on functional reach was typically gathered under light 
clothing which does not affect the reach measurement. This data was typically used in 
Researcher Year Determined Population considered 
Experimental  
Conditions 
    
With 
pressure 
suit 
Without 
pressure 
suit 
Race 
effect on 
reach 
King  1947 Reach restrained by double shoulder and lap belt 139 U.S. male subjects  Yes  
King  1948 Reach by varying the back rest angle and extension of shoulder harness 
10 U.S. male 
pilots  Yes  
Kennedy 1964 Right hand reach  20 U.S. males  Yes  
Chaffee  1970 
Space envelops of drivers restrained by four types 
of harnesses: lap belt, lap belt with either separate 
or integrated harness, and a lap belt with attached 
inertial reel. 
U.S. population  Yes  
Stoudt  1970 Functional arm reach of  subjects seated in a car seat, restrained by lap and shoulder belts 200 U.S. male  Yes  
Shu and Zhenhua   1990 Functional arm reach envelope  20 Chinese males  Yes Yes 
Buckle et al.   1990  Reach envelops of pilots in Boeing 737-200, 747, 757 aircraft.  British population   Yes  
Kennedy et al. 1995 Demographics of pilot anthropometry, focusing on aspects of anthropometric accommodation. U.S. population  Yes  
Rogers Adams et al.   1998 An Aircraft's body size pass/fail criteria by establishing fixed operational requirements. U.S. population  Yes  
Zehner et al. 2002   Smallest and largest person that can safely and efficiently operate USAF aircrafts 
25 U.S. male 
subject  Yes  
Gite and Yadav  1989 Took anthropometric measurements  39 Asian Indian male  Yes Yes 
Viren et al. 2002 Body dimensions for Asian Indians Vs. Western people 
300 Asian Indian 
male  Yes Yes 
Lloyd et al. 1975  
Differences in reach of pilots while the suit is 
pressurized Vs not pressurized. 32 USAF pilots Yes* Yes**  
Current Study 2004 Effects of pressure suit and race on functional reach, static and dynamic strength 30 Subjects Yes Yes Yes 
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design of workplaces like automobiles and aircrafts. Because of the height acceleration 
forces incurred while flying, some Aircrafts mandate wearing bulky clothing (pressure 
suit) and protective restraints (seat or shoulder harness belts) for pilots. On The other 
hand wearing personal protective equipment and clothing can have influence reach ability 
to controls. It was observed that there is a very limited literature showing the effects of 
personal protective equipment on the functional reach. The present study was therefore 
targeted to investigate the effect of wearing a VKK-6M pressure suit on functional reach 
limitations and strength values. Also, one of the neglected areas in equipment and 
workplace design is optimization of the matching of equipment with the specific 
characteristics of the operators and users (Lamey, Aghazadeh and Nye, 1991). When 
designing reach controls for a particular set of users, designers should have access to the 
anthropometric dataset for that user population. The characteristic of this anthropometric 
dataset is defined by racial differences in anthropometry. Gite and Yadav (1989) and 
Verin et al. (2002) pointed out that designing workplace for populations other than 
westerns, western anthropometric data is inappropriate. In this thesis a representative 
sample of Caucasian and Asian Indian population are chosen and their respective 
functional reach envelopes are compared. 
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CHAPTER 3 
METHODS AND PROCEDURE 
The primary objective of the study was to investigate the effect of wearing a 
VKK-6M Fighter Pilot Pressure suit on functional reach measurements and strength 
values. Apart from that, population differences that might contribute in defining reach are 
also analyzed. The 5th percentile reach envelop for Caucasians and Asians Indians has to 
be evaluated since the smallest 5th percentile envelope will be chosen for the placement 
of critical cockpit controls. 
Functional reach and strength values are dependent factors that vary as a function 
of pressure suit or race. Factors like seat height, pressure suit size and pressure inflated 
into the pressure suit are standardized for all subjects. Hence, to achieve the above 
objective, apparatus that can precisely measure functional reach as a function of angle ( )θ  
and distance from ground level ( )z is constructed. Using above mentioned apparatus, any 
arbitrary point with in the reach of the operator can be acquired, plotted in 3D space and 
analyzed. A representative sample of 15 Caucasian and 15 Asian Indians were chosen 
and their static anthropometric data is collected. 
3.1 Experimental Design 
Fixed variables: 
1. Seat height at which subject is seated 
Independent variables:  
 The following independent variables wear considered in the present study, 
1. VKK-6M Fighter Pilot Pressure suit size and pressure to inflate the suit. 
Dependent variables: 
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The dependent variables considered in the study are listed in Table 3.1. 
Table 3.1: Dependent variables 
 Dependent variables 
1 Reach distance wearing VKK-6M Fighter Pilot Pressure suit Vs 
Shirt-sleeved clothing. 
2 Race demographics dependent reach distances 
3 Strength values wearing VKK-6M Fighter Pilot Pressure suit Vs 
Shirt-sleeved clothing. 
 
3.1.1 Hypothesis 
The following four hypothesis are studied in this research, 
§ Hypothesis 1: Wearing a VKK-6M Fighter Pilot Pressure suit will effect persons reach 
when compared with shirt-sleeved clothing reach. 
§ Hypothesis 1(a): Wearing a VKK-6M Fighter Pilot Pressure suit will effect 
persons reach when compared with normal-relaxed-wear. 
From, null hypothesis, 0: ,,0 =− pRrRH µµ  
and alternate hypothesis, 0: ,,1 ≠− pRrRH µµ  
Where,  
rR,µ – Mean reach from relaxed wear. 
pR,µ - Mean reach from pressure suit. 
§ Hypothesis 1(b): Wearing a VKK-6M Fighter Pilot Pressure suit will affect the 
reach of Asian Indians. 
From, null hypothesis, 0=: ,,,,0 pRArRA µµH  
and alternate hypothesis, 0≠: ,,,,1 pRArRA µµH  
Where,  
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rRAµ ,, – Asian Indians mean reach with relaxed wear. 
pRAµ ,, - Asian Indians mean reach with pressure suit. 
§ Hypothesis 1(c): Wearing a VKK-6M Fighter Pilot Pressure suit will affect the 
reach of Caucasians. 
From, null hypothesis, 0=: ,,,,0 pRCrRC µµH  
and alternate hypothesis, 0≠: ,,,,1 pRCrRC µµH  
Where,  
rRCµ ,, – Caucasians mean reach with relaxed wear. 
pRCµ ,, - Caucasians mean reach with pressure suit. 
§ Hypothesis 2: Differences in thumb tip reach and bideltoid breadth may contribute to 
reach differences between Asian Indian and Caucasian. 
From, null hypothesis, 0: ,,0 =− ATCTH µµ  
and alternate hypothesis, 0: ,,1 ≠− ATCTH µµ  
where,  
CT ,µ – Mean thumb tip reach of Caucasians. 
AT ,µ – Mean thumb tip reach of Asian Indians. 
§ Hypothesis 3: Differences in static strength measurements may exist between with and 
without-suit conditions.  
From, null hypothesis, 0: ,,0 =− psrsH µµ  
and alternate hypothesis, 0: ,,1 ≠− psrsH µµ  
Where,  
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rs,µ – Static strength from relaxed wear. 
ps ,µ - Static strength from wearing pressure suit. 
§ Hypothesis 4: Differences in dynamic strength measurements may exist between with 
and without-suit conditions.  
From, null hypothesis, 0: ,,0 =− pdrdH µµ  
and alternate hypothesis, 0: ,,1 ≠− pdrdH µµ  
Where,  
rd ,µ – Dynamic strength from relaxed wear. 
pd ,µ - Dynamic strength from wearing pressure suit. 
The table 3.2 below shows the statistical summary of test performed 
Table 3.2: Summary of statistical test performed  
 Experiments performed/investigated 
Test Parameters 
a Vs b Hypothesis 
   
# of 
Subjects
a b 
2 tailed 
tests 
Pressure suit 
effect on 
reach 
1 
The possible variations 
in reach of combined 
population 
30 Mean without suit reach of combined population. 
Mean pressurized suit reach of 
combined population. 
Paired 
Z-test 
15 Mean Thumb tip reach of Caucasians 
Mean Thumb tip reach of 
Asian Indians 
t-test  on 
means 
15 Mean Bowed shoulder breadth of  Caucasians 
Mean Bowed shoulder breadth 
of  Asian Indians 
t-test  on 
means Race  effect on reach 2 
The possible variations 
in the mean thumb tip 
reach and shoulder 
breadth measurements 
for Caucasians and 
Asian Indians 15 
Mean Shoulder breadth-
reaching overhead  of  
Caucasians 
Mean Shoulder breadth 
reaching overhead  of   Asian 
Indians 
t-test  on 
means 
Mean Static pulling  
strength without-suit 
Mean Static pulling strength  
with-suit 
Paired t-
test 
Mean Static lifting-up  
strength without-suit 
Mean Static lifting-up strength 
with-suit 
Paired t-
test 
Mean Static pushing 
strength  without-suit 
Mean Static pushing  strength 
with-suit 
Paired t-
test 
3 
The possible static 
strength variations in 
with and without-suit 
conditions 
10 
Mean Static grip strength 
without-suit 
Mean Static grip strength with-
suit 
Paired t-
test 
Pressure suit 
effect on 
strength 
4 
The possible strength 
variations in with and 
without-suit conditions 
4 Dynamic strength from relaxed wear 
Dynamic strength from 
pressurized suit 
Paired t-
test 
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3.2 Subject Selection 
Since, the human anthropometric characteristics have a wide variability, a subject 
sample should be chosen such that the body dimensions of the sample are representative 
of the parent population. In order to ascertain that our measured data is applicable to the 
parent population, a sample class of 15 Asian Indians and 15 Caucasians was selected, 
based on the percentile distribution of the parent population’s stature. The dimensions of 
the 5th, 25th, 50th, 75th and 95th percentile distribution have been used as the subject 
selection criteria. These dimensions for Asian Indians are obtained from Indian 
Anthropometric dimensions (1997). Similar percentile dimensions for Caucasians are 
obtained from the hand book of Engineering Anthropometry (1989).  
The VKK-6M pressure suit used in the study does not fit subjects of all sizes. This 
increased the constraints in the subject selection criteria further. The suit used in the 
current study was of a number-9 size that can accommodate individuals ranging from 160 
cm-184 cm in stature. Table 3.3 shows the 5th, 25th, 50th, 75th and 95th percentile 
distribution of stature for Caucasians and Asian Indians. The shaded/color cells in the 
Table 3.3 represent the effective range for subject selection in reach study.  
 
Table 3.3: Percentile distribution of stature for Asian Indians and Caucasians 
 
Parameters Percentiles stature, cm 
 5th  25th 50th  75th 95th 
Asian Indians 153.7 159.9 166.8 173.1 181.1 
Caucasians 161.8 167.5 173.6 178.6 184.4 
 
Subject selection is based on percentile distribution of stature. Since the suit 
cannot accommodate persons below the stature of 160 cm and over 184 cm, a stratified 
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sample was selected. The stratified distribution for Asian Indians and Caucasians subject 
selection is shown in the Tables 3.3 - 3.4 below.  
 
Table 3.4: Stratified sample of Asian Indians 
 
Interval (cm) Percentile Sample required Sample used 
<153.7 (< p5) 5 1 0 
<159.9 (p5 -< p25) 20 3 0 
<166.8 (p25 -< p50) 25 4 5 
<173.1 (p50 -< p75) 25 5 5 
<181.1 (p75 -< p95) 20 3 4 
>181.1 (> p95) 5 1 1 
 
 
Table 3.5: Stratified sample of Caucasians 
 
Interval (cm) Percentile Sample required Sample used 
<161.1 (< p5) 5 1 0 
< 167.5 (p5 -< p25) 20 3 1 
<173.6 (p25 -< p50) 25 4 4 
<178.6 (p50 -< p75) 25 5 5 
<184.4 (p75 -< p95) 20 3 4 
>184.4 (> p95) 5 1 1 
 
 
The mean stature of both the samples agreed reasonably well with their respective 
parent populations. Therefore, the samples are considered to be identical to their 
respective parent populations. Along with the functional arm reach envelope 
measurements, various static anthropometric measurements have been obtained to assess 
their apparent relationship with the work space design and their correlation with the 
thumb tip reach. Various static measurements such as stature, weight, eye height, sitting 
height, sitting eye height, knee height, buttock knee length, forearm-forearm breadth, 
thumb tip reach, shoulder breadth bowed and shoulder breadth reaching overhead, 
shoulder elbow length and forearm hand length have been obtained as shown in Table 3.6 
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Table 3.6: Data for anthropometric characteristics of the subjects 
 
 Asian Indians Caucasians 
 Avg Med Min Max S.D Avg Med Min Max S.D 
Age (years) 24.6 24 23 28 1.2 22.1 22 21 26 1.59 
Weight (Kg) 69.05 68 61 83 5.9 75.9 77.5 64.5 88.5 6.89 
Stature (cm) 172.3 174 162.8 182.5 6.3 177.2 178.3 167.2 184 4.19 
Eye Height(standing) 161.7 162 150.6 171.6 6.0 166.3 167.5 158.2 173.5 4.00 
Sitting Height 102.3 90.2 70.2 138 22.1 105. 96 84.6 133.5 18.98 
Eye Height (sitting), 87.32 78.8 61.5 122.6 20.1 92.8 84.4 73.2 120.2 17.83 
Knee Height (sitting) 53.46 53.5 50.6 55.6 1.4 54.5 54.5 52.3 56.6 0.99 
Shoulder Height sitting 109.9 110 105.8 118 3.6 111.3 111 104.2 118.5 5.14 
Buttock-Knee Length (sitting) 58.6 58.8 53.8 63.5 2.6 59.4 60.1 52.5 62.7 2.59 
Forearm-Forearm Breadth Sitting 45.40 45.5 40.2 51.8 3.1 50.0 50.3 38.2 59.3 5.23 
Thumb-tip reach (sitting) 79.46 79.8 74.1 83.6 3.0 79.31 79.5 71.5 84 2.93 
Shoulder Breadth (bowed) 44.11 43.4 40.8 47.8 1.9 46.76 47.5 38.9 51.2 3.59 
Shoulder Breadth (overhead) 39.79 39.4 36.5 43.3 1.7 41.85 41.6 32.8 47.4 3.95 
Shoulder-Elbow Length 35.50 35.8 31.4 39.4 2.25 35.69 36.4 29 38.5 2.41 
Forearm-Hand Length 46.16 46.8 42.3 49.5 2.45 46.35 47.2 39.8 49.4 2.63 
 
The subjects are volunteers from Louisiana State University. Table 3.7 shows the 
measured statistical summary of the subjects. The average (SD) of stature, weight and 
age of male Asian Indian subjects measured are 172.3(6.3) cm, 69.05(5.97) kg and 
24.6(1.24) years respectively. The corresponding values for male Caucasian subjects 
obtained are 177.2(4.19) cm, 75.96(6.89) kg and 22.13(1.59) years respectively. For the 
overall population, the average (SD) of stature, weight and age are 175.14(5.51) cm, 
72.50(7.24) kg and 23.36(1.88) years respectively. 
 
Table 3.7: Summary statistics of the anthropometry of the subjects 
 
Asian Indians (n = 15) Caucasian (n = 15) Combined (n = 30) 
  Stature Weight Age Stature Weight Age Stature Weight Age 
  (cm) (Kg) (Year) (cm) (Kg) (Year) (cm) (Kg) (Year) 
Average  172.3  69.05  24.6  177.2  75.96  22.1  175.14  72.50  23.36 
Median  174  68  24  178.3  77.5  22  175.15  71  24 
SD  6.3  5.97  1.24  4.19  6.89  1.59  5.51  7.24  1.88 
Range  162.8-182.5  61.0-83.0  23-28  167.2- 184  64.5-88.5  21-26  162.8-184  61-88.5  21-28 
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3.3 Apparatus 
The reach setup equipment that was used consisted of following components.   
Table 3.8: Equipment used in the study 
 
Fig. # Label Equipments 
1 Ag Cat Aero plane seat 
2 Adjustable standard shoulder harness 
3 Overhead Beam with metric scale that measures reach  
5 Shirt-sleeved clothing consisting of sleeve-shirt and shorts 
3.1 
 
6 Vertical rod that has knobs and connects perpendicularly to 
overhead beam  
3.2 & 3.3 4 VKK-6M Fighter Pilot Pressure suit #9 
 
 
Note: Session 1 wearing shirt-sleeved clothing. 
Figure 3.1: Setup for measuring functional reach 
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The seat used in the study (Fig. 3.1) was taken from Grumman agricultural 
airplane (Ag-Cat), built specifically for agricultural work and crop spraying. This seat 
was installed in accordance with the aircraft standards with a back angle of 15° from the 
neutral seat reference point and seat height of 15 cm above the ground.  The seat was also 
equipped with an adjustable shoulder harness (Fig. 3.1) standard in most of the aircrafts 
(Lloyd et al. 1975).  
 VKK-6M Fighter Pilot pressure suit used in this study was a number 9, high-
altitude pressure suit shown in Figure 3.2. It is green in color and has a complex 
construction with pipes and rubber bladders to compress pilot’s body and restrict blood 
circulation. It is one of the advanced suits manufactured and is still in use by Russian Air 
Force. A newly developed hydrostatic Anti-G suit was said to offer a high level of 
protection against high-G acceleration (high gravitational acceleration). However it is 
difficult to produce a hydrostatic suit with effective high-G protection. Eiken et al. (2002) 
tested G-tolerance (gravitational tolerance) of pilots wearing a pneumatic and hydrostatic 
Anti-G suit. He concluded that hydrostatic Anti-G suit is not adequate for use in a 9 G 
aircraft as it can only sustain G-forces less than 6.3 G. A VKK-6M Fighter Pilot pressure 
suit used in this research was a pneumatic suit which is lighter than newer hydrostatic 
suits and can also sustain height G-tolerance than its counterpart.  It was one of the most 
widely produced high altitude compensation suits by Russia which was still in operation. 
It consists of three Anti-G bladders located inside of the suit that cover abdomen and 
upper legs and interconnected with tubes to provide equal pressure. On the outside, it has 
two rubber tubes running from bottom to the top which are filled with air as soon as 
cockpit becomes un-pressurized. As mentioned earlier, according to the manufacturer’s 
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information this suit was designed to help pilots withstand up to 10 G, capable to work at 
temperatures ranging between ±50 0C degrees and can be used at altitudes ranging from 
65,000-100,000 feet. According to Krishnamurthy et al. (2004) the requirements of a 
modern Anti G-Suit should fulfill an inflation rate of 1.5 PSI/G starting at 2G to a 
maximum of 10.5 PSI.  Therefore, in session 2, VKK-6M Fighter Pilot Pressure suit that 
was used in the current research, was inflated to hold pressure of 10.5 PSI. 
 
Figure 3.2: VKK-6M Fighter Pilot Pressure suit.  
Two spring-loaded button switches are installed in the back of the seat, 50 cm 
above seat reference point (SRP) and 3.5 cm to the right and left of the seat-back 
centerline. The seated subject’s back against the switches will energize the light placed in 
front of the subject. If the light goes out, the subject was out of position and has to correct 
himself and repeat that particular measurement. 
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An overhead beam (Fig 3.1) was mounted over the seat and anchored to the wall. 
This beam rotates on a wheel about an axis through the seat reference point, through an 
arc of 1800 forward to the seat and can stop at any angle of interest. A vertical rod that 
has knobs, equally placed regularly at 20cm over the ground and extending up to 160 cm 
was attached to the horizontal arm of the overhead beam. When the subject pushes or 
pulls the vertical rod it slides freely in a groove. The scale attached to the beam shows the 
horizontal displacement of the vertical rod. This measurement was recorded as the reach 
of the subject in that existing condition. 
3.4 Procedure 
In session 1, subjects wear shirt-sleeved clothing that includes shorts, sleeve-shirt 
and shoes.  In session 2, subjects wore VKK-6M Fighter Pilot Pressure suit and perform 
the same tasks. Sessions 1 and 2 are randomized. During session 1, the following static 
anthropometric data are collected from the subject that include: Age, Weight, Stature, 
Eye Height(standing), Eye Height (sitting), Knee Height (sitting), Shoulder Breadth 
(bowed), Shoulder Breadth (reaching overhead), Thumb-tip reach (sitting), Sitting 
Height, Buttock-Knee Length, Shoulder-Elbow Length, Forearm-Hand Length, Forearm-
Forearm Breadth (Appendix B) Each of the above parameters is defined by Causer et al. 
(1988). 
Weight - The weight of the subject taken to the nearest tenth of a kilogram.  Subject 
stands on the platform of a scale 
Stature - The distance from the floor to the top of the head measured with the subject 
wearing normal indoor apparel. 
Eye Height (standing) - The height of the inner corner of the eye. 
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Eye Height (sitting) - The vertical distance between a sitting surface and the ectocanthus 
landmark on the outer corner of the right eye 
Knee Height (sitting) - The vertical distance between a footrest surface and the 
suprapatella landmark at the top of the right knee, measured with an anthropometer.  
Subject sits with the thighs parallel, knees flexed to 90° and the feet in line with the 
thighs. 
Shoulder Breadth (bowed) - The maximum breadth of the shoulders measured as the 
subject stands, feet 12 inches apart, the palms of the hands on the kneecaps, and the head 
as close to the Frankfort Plane as possible 
Shoulder Breadth (reaching overhead) - Subject stands with heels 23 cm apart and toes 15 
cm from the Wall.  Arms are extended overhead, fists together and against the wall with 
the first phalanges horizontal.  Measure the maximum horizontal distance across the arms 
or shoulders, whichever was widest 
Thumb-tip reach (sitting) - Subject is seated in an erect position with his or her back 
against a wall.  The arm is extended parallel to the floor with the thumb parallel to the 
arm and the forefinger in opposition.  The distance between the arm and the tip of the 
thumb and forefinger was recorded.  
Sitting Height - The vertical distance between a sitting surface and the tip of the head.  
Measured with an anthrop meter, the subject sits erect with the head in the Frankfort 
plane.  The shoulders and upper arms are relaxed and the forearms and hands are 
extended forward horizontally with the palms facing each other.  The thighs are parallel 
and the knees are flexed 90° with the feet in line with the thighs. 
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Buttock-Knee Length - The horizontal distance between a buttock plate placed at the 
most posterior point on either buttock and the anterior point of the right knee is measured 
with an anthropometer.  The subject sits erect.  The thighs are parallel and the knees 
flexed 90° with the feet in line with the thighs 
Shoulder-Elbow Length - The distance between the acromion landmark on the tip of the 
right shoulder and the olecranon landmark on the bottom of the right elbow, measured 
with a beam caliper parallel to the long axis of the upper arm.  Subject stands with the 
right upper arm hanging at the side and the elbow flexed 90°.  The hand is straight and 
the palm faces inward. 
Forearm-Hand Length - The subject stands erect with the upper arms hanging at the sides 
and the right elbow flexed 90°.  The hand was held out straight with the palm facing 
inward.  The horizontal distance between the back of the tip of the right elbow to the tip 
of the right middle finger was measured with a beam caliper.   
Forearm-Forearm Breadth - The maximum horizontal distance across the upper body 
between the out sides of the forearms was measured with a beam caliper.  The subject sits 
erect looking straight ahead.  The shoulders and upper arms are relaxed and the forearms 
and hands are extended forward horizontally with the palms facing each other. 
To check the reliability of the measurement system, repeatability tests are 
performed on 2 subjects. Subjects reach for 7 different positions in space and 10 times 
each. Since the standard deviation from the test varied between 1.26 and 2.14 the results 
show a reasonable degree of repeatability. 
 Later subject in a short-sleeved shirt was seated centrally on the experimental 
pilot seat with his back resting on the sensor switches, placed to ensure that he was seated 
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in a consistent manner (Appendix D). The harness was adjusted to a comfortable 
firmness, consistent to all subjects, no harness slag was allowed.  The consistency in 
harness firmness was assessed before performing each set of measurements. The thumb 
tip reach measurements are used in this experiment as it was considered to be applicable 
for use with knobs and finger grasp of levers. Also, the results obtained from the thumb 
tip reach measurements can easily be modified for use with toggle switches, hand grasps 
and push buttons. 
After strapping subjects to the seat with a shoulder harness, subjects reach for the 
knob connected perpendicularly to the overhead beam. Readings of reach are collected in 
increments of 300 angles with respect to the seat reference point (SRP).  The overhead 
beam was placed at angles of 0°, 30°, 60°, 90°, 120°, 150° and 180° to the seat reference 
point and the position of the overhead beam was randomized for subjects. At a preset 
angle X ° (0°, 30°, 60°, 90°, 120°, 150° and 180°) of overhead beam chosen randomly, 
subjects reach the first knob with his fingers flexed so that the thumb was projected 
beyond the proximal interphalangeal joint of the index finger as he reaches towards the 
measuring device. The distance pushed was recorded as the reach at X° to the seat 
reference plane and 40 cm plane over the ground. This procedure was repeated until all 
six knobs are reached. Consistency in reach measurements was obtained by repeating 
each measurement three times and the average was considered. Reach envelop of each 
subject was measured in 42 different positions. 
As the placement of controls can be located at any arbitrary place with in a 
cockpit, the functional arm reach of both arms was measured on a series of 5 horizontal 
levels, 20 cm apart, at angles of 0°, 30°, 60°, 90°, 120°, 150° and 180° to the seat 
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reference point. The order in which the angles and planes are selected for each subject 
was randomized. This randomized selection of planes and angles would minimize the 
effect of variables involved in the reach performance. These variables such as loosening 
factor, practice effect, initial subject’s enthusiasm, loss of interest and fatigue are 
controlled by encouraging or restraining enthusiasm if necessary, by periodically 
checking the position of the shoulder joint with respect to the seat, tracking the reach 
distances and obtaining a feedback from previous reach values and also by disallowing 
any reach performed when the feedback signal from the visual sensor on the seat was 
inconsistent. Reach data if gathered while the shoulder harness was sliding from the 
shoulder or with an inconsistent firmness of the harness was discarded.  Process of 
collecting functional reach data with VKK-6M pressure suit is shown below in Figure 3.3 
 
Figure 3.3: Setup for measuring functional reach wearing VKK-6M fighter pilot pressure 
suit.  
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CHAPTER 4 
RESULTS AND DISCUSSION  
The possible variation in reach for with and without VKK-6M pressure suit 
conditions was first investigated on the total sample size of n = 30 subjects. A paired two-
sample Z-test of means was used to study the significance of wearing VKK-6M suit on 
reach. The estimates for 50th percentile arm reach have been obtained by averaging reach 
distances for each (θ – Z) combinations.  That is, the average reach distances for the 
condition, θ = 0 and Z = 40 was obtained by adding all reach distances at (θ – Z) = (0 – 
40) and dividing it by the number of subjects. The 5th and 95th percentile reach envelopes 
with and without-suit were determined from their respective means (50th percentile) and 
plotted in the 3-D space using Auto CAD-2004. To investigate the reach variations 
caused by the pressure suit on Asian Indian and Caucasian, a very similar procedure was 
followed on the individual sub samples separately. The 5th percentile reach values are of 
great importance as they represent the physical ability of 95% of the population to reach 
any point within the arbitrary space defined by this physical boundary. The 5th percentile 
reach envelope for Asian Indians and Caucasians was compared. The 3-D envelope with 
the smallest physical dimensions among Caucasians and Asian Indians was chosen for 
the placement of critical cockpit controls. 
As explained in the literature review, the thumb tip reach and shoulder breadths 
have been subjected to variations with respect to race. To see the effect of race on reach, 
a two sample t-test was performed on parameters like thumb tip reach and shoulder 
breadth. Real time maneuvers that pilots perform while flying, test their static and 
dynamic strength abilities which can be affected if the pilot was wearing a pressure suit. 
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The effect of wearing pressure suit on pilot’s static and dynamic strength has also been 
investigated in the later sessions of this study. The table 4.1 below shows the statistical 
summary of test performed. 
Table 4.1: Summary of statistical test performed in the analysis section 
Hypoth
esis # 
Test Parameters 
a Vs b 
A
im
 
  
Experiments performed/investigated 
# of 
Subj
ects a b 
Null hypothesis 2 tailed tests 
a 
The possible variations in reach of the 
combined population, in with and 
without-suit conditions 
 
30 
 
 
rR,µ – Mean 
without suit reach 
of combined 
population. 
pR ,µ - Mean 
pressure suit reach 
of combined 
population. 
 
 
0: ,,0 =− pRrRH µµ  
0: ,,1 ≠− pRrRH µµ  
 
Paired two-
sample Z-
test of means 
Or 
Paired t-test 
b 
The possible variations in  Asian 
Indians reach, in with and without-suit 
conditions 
15 
rRA ,,µ – Mean  
Asian Indian 
relaxed wear reach 
pRA ,,µ - Mean 
Asian Indian 
pressure suit 
reach. 
 
 
0: ,,,,0 =− pRArRAH µµ
0: ,,,,1 ≠− pRArRAH µµ  
Paired two-
sample Z-
test of means 
Or 
Paired t-test 
Pr
es
su
re
 su
it 
ef
fe
ct
 o
n 
re
ac
h 
1 
c 
The possible variations in  Caucasians 
reach, in with and without-suit 
conditions 
15 
rRC ,,µ  – Mean  
Caucasian relaxed 
wear reach 
pRC ,,µ - Mean 
Caucasian 
pressure suit 
reach. 
 
 
0: ,,,,0 =− pRCrRCH µµ
0: ,,,,1 ≠− pRCrRCH µµ  
Paired two-
sample Z-
test of means 
Or 
Paired t-test 
15 
CT ,µ – Mean 
Thumb tip reach 
of Caucasians 
AT ,µ – Mean 
Thumb tip reach 
of Asian Indians 
 
0: ,,0 =− ATCTH µµ  
0: ,,1 ≠− ATCTH µµ  
t-test  on 
means 
15 
CBs,µ – Mean 
Bowed shoulder 
breadth of  
Caucasians 
ABs ,µ – Mean 
Bowed shoulder 
breadth of  Asian 
Indians 
0: ,,0 =− ABsCBsH µµ  
0: ,,1 ≠− ABsCBsH µµ  
t-test  on 
means 
   
R
ac
e 
 e
ff
ec
t o
n 
re
ac
h 
2 
The possible variations in the mean thumb 
tip reach and shoulder breadth 
measurements for Caucasians and Asian 
Indians 
15 
COs ,µ – Mean 
Shoulder breadth-
reaching overhead  
of  Caucasians 
AOs ,µ – Mean 
Shoulder breadth-
reaching overhead  
of   Asian Indians 
0: ,,0 =− AOsCOsH µµ  
0: ,,1 ≠− AOsCOsH µµ  
t-test  on 
means 
rsp ,µ – Mean 
Static pulling  
strength without-
suit 
psp ,µ – Mean 
Static pulling 
strength  with-suit 
 
0: ,,0 =− psprspH µµ  
 
Paired t-test 
rsl ,µ – Mean 
Static lifting-up  
strength without-
suit 
psl ,µ – Mean 
Static lifting-up  
strength with-suit 
0: ,,0 =− pslrslH µµ  
0: ,,1 ≠− pslrslH µµ  Paired t-test 
rsps ,µ – Mean 
Static pushing 
strength  without-
suit 
psps ,µ – Mean 
Static pushing  
strength with-suit 
0: ,,0 =− pspsrspsH µµ  
0: ,,1 ≠− pspsrspsH µµ  Paired t-test 
3 The possible variations in static strength for with and without-suit conditions. 
10 
 
rsg ,µ – Mean 
Static grip strength 
without-suit 
psg ,µ – Mean 
Static grip strength 
with-suit 
0: ,,0 =− psgrsgH µµ  
0: ,,1 ≠− psgrsgH µµ  Paired t-test 
   
   
   
Pr
es
su
re
 su
it 
ef
fe
ct
 o
n 
st
re
ng
th
 
4 The possible variations dynamic strength for with and without-suit conditions. 4 
rd ,µ – Dynamic 
strength from 
relaxed wear 
pd ,µ - Dynamic 
strength from 
pressure suit 
 
0: ,,0 =− pdrdH µµ  
0: ,,1 ≠− pdrdH µµ  
Paired t-test 
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The data obtained from the study was sorted in ascending order of Z levels with 
respect to the ground level. To test the normality, Ryan-Joiners correlation coefficient test 
and Kolmogorov-smirnov test of normality are performed on stature and reach distances.  
4.1 Reach Tests  
§ Hypothesis 1(a): Wearing a VKK-6M Fighter Pilot Pressure suit will effect 
persons reach when compared with normal-relaxed-wear. 
The possible variations in reach of shirt-sleeved clothing and VKK-6M pressure 
suit were investigated.  The data sample for the following tests consists of 30 subjects. 
Mean reach variations and percentage decrease are calculated and shown in Table 4.2 
Table 4.2: Reach variations with and without-suit, % decrease in reach 
Z ↓ θ → 0 30 60 90 90 120 150 180 
Without-suit 69.71 72.68 72.04 67.15 67.19 71.89 72.78 69.64 
With-suit 66.13 69.36 67.59 63.08 63.49 68.1 68.9 66.75 
Difference 3.58 3.32 4.45 4.07 3.70 3.79 3.87 2.89 
 
40 
 
 %decrease 5.13 4.568 6.18 6.06 5.51 5.27 5.32 4.15 
Without-suit 79.22 82.78 81.81 75.53 75.11 81.05 82.41 78.71 
With-suit 75.47 79.46 77.63 70.1 69.92 77.49 79.28 75.65 
Difference 3.74 3.32 4.17 5.42 5.18 3.55 3.13 3.06 60 
 
  %decrease 4.72 4.01 5.10 7.18 6.90 4.38 3.80 3.89 
Without-suit 83.11 86.37 85.2 78.81 78.29 84.72 85.9 83.06 
With-suit 80.38 83.7 81.62 74.22 74.37 81.66 83.43 80.74 
Difference 2.72 2.67 3.57 4.59 3.92 3.06 2.47 2.31 80 
 
 %decrease 3.28 3.09 4.19 5.82 5.01 3.61 2.88 2.78 
Without-suit 80.97 83.94 82.87 76.76 76.33 82.21 83.46 80.58 
With-suit 77.62 81.34 78.92 71.91 71.89 78.86 81.12 77.92 
Difference 3.35 2.6 3.94 4.85 4.44 3.35 2.33 2.66 100 
 
 %decrease 4.14 3.09 4.76 6.32 5.82 4.07 2.80 3.30 
Without-suit 72.83 75.85 74.38 69.86 69.48 73.74 75.22 72.63 
With-suit 69.02 72.7 70.59 65.81 65.5 70.19 72.54 69.12 
Difference 3.81 3.14 3.78 4.05 3.98 3.55 2.67 3.51 120 
 
 %decrease 5.23 4.14 5.09 5.79 5.72 4.81 3.55 4.83 
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The average with shirt-sleeved clothing and VKK-6M pressure suit reaches for 
combined population was found to be 77.40 and 73.83 cm respectively. Therefore 
average difference in shirt-sleeved and pressure suit reach was 3.57cm. A paired two-
sample Z-test of means was conducted for the difference between the reach distances in 
shirt-sleeved clothing and VKK-6M pilot pressure suit.   
Let,  
The reach distance for subject 1, at Z = 40 cm level and θ = 0° to the seat reference point, 
the average right hand reach with and without-suit conditions are 66.13 and 69.71 cm 
respectively. The above statement is represented as 
cmRRRR PRjzPjzRjz 59.312.6671.69)()( 1,40,0,1,40,0,1,40,0,,,,,,,, =−=−==−= δδ θθθ  
Where,  
jzRR ,,,θ - Reach distance in shirt-sleeved clothing 
jzPR ,,,θ - Reach distance in VKK-6M pressure suit 
For,  
θ - Angular direction 
z - Height over the ground level 
j - j th subject 
Over all combinations of jz,,θ  
∑∑∑
= = =
=
m n
z
p
j
jz
1 1 1
,, 94.4281
θ
θδ  
The averageδ and standard deviation were computed over all combinations of reach 
directions and subjects: 
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∑∑∑
= = =
=∗∗==
m n
z
p
j
jzpnm 1 1 1
,,
_
57.3
5830
4281.945
..
1
θ
θδδ  
S.D = ∑∑∑
= = =
−−
m n
z
p
j
jzpnm 1 1 1
2
,,
_
)(
1..
1
θ
θδδ = ( ) ( ) 4.12 4616.3841- 5830
1 =∗∗  
Where, 
m - Number of subjects = 30 
n - Number of angular directions = 8 
p - Number of Z levels = 5 
The difference between the means of reach distances obtained from the shirt-sleeved 
clothing (session 1) and VKK-6M suit (session 2) can be assumed to be a normal 
variable. 
( )12.0,56.3),( NN == δδ σδµ   
With, 
 
Where, 
s - Standard deviation of difference 
δσ - Standard deviation of the mean differences δµ  
95% Confidence interval over mean,  
( ) [ ]80.3,33.312.096.157.396.1 =±=±= δδ σδµ  
Table 4.3 shows the paired Z-test of mean reach distances (cm) in shirt-sleeved clothing 
and VKK-6M pressure suit. 
 
 
0.12
5830
125.4
..
=∗∗== pnm
s
δσ
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Table 4.3: Paired Z-test on the mean of reach distances (cm) in shirt-sleeved clothing and 
VKK-6M pressure suit. 
 
Population Number of 
corresponding 
reach directions 
N =m*n*p 
Averag
e 
differe
nce 
δ  
Standard 
deviation 
of 
difference 
 S   
Standard 
deviation 
of  mean 
differences 
δσ  
95% Confidence 
interval over mean  
( δµ ) = δσδ 96.1±  
 
Subject data N =30*8*5= 1200 3.56 4.12 0.12 3.33- 3.80 
§ Hypothesis: Differences in reach distances may exist before and after wearing pressure 
suit.  
From, null hypothesis, 0: ,,0 =− pRrRH µµ  
and alternate hypothesis, 0: ,,1 ≠− pRrRH µµ  
Where,  
rR,µ – Mean reach from relaxed wear. 
pR,µ - Mean reach from pressure suit. 
Test statistics is 
3.57
1.327684
4.75771
304.125455
4.75771
0 ==== ns
dz
D
 
Reject null hypothesis if 
05.00 645.1 zz =>   
Since, 645.157.3 05.0 => z  we reject the null hypothesis and conclude that there is a 
significant difference in reach 
At 95% confidence interval over mean, the mean difference δµ  varies between 
3.33- 3.80 cm. This shows that at p = 0.05 level of significance, the reach was 
 38
significantly altered by the pressure suit and justifies the fact that VKK-6M pressure suit 
has reduced the maximum reach distance by at least 3.57 cm. 
The possible variations between reach from shirt-sleeved clothing and VKK-6M 
pressure suit for Caucasians and Asian Indians was investigated.  The data sample for the 
following tests consists of sub samples with n = 15. A paired two-sample Z-test of means 
was conducted on the reach distances obtained from before and after wearing VKK-6M 
pilot pressure suit. This test was performed on Caucasians and Asian Indian data samples 
individually. 
§ Hypothesis 1(b): Wearing a VKK-6M Fighter Pilot Pressure suit will affect the 
reach of Asian Indians. 
The possible variations in reach of shirt-sleeved clothing and VKK-6M pressure 
suit were investigated on Asian Indians.  The data sample for the following tests consists 
of 15 subjects. Mean reach variations and percentage decrease are calculated and shown 
in Table 4.4. The average shirt-sleeved clothing reach for Asian Indians was found to be 
77.13 and the average VKK-6M pressure suit reach for Asian Indians was found to be 
73.90 cm respectively. Therefore average difference in shirt-sleeved and VKK-6M 
pressure suit pressure suit reach for Asian Indians was found to be 3.22 cm. 
If, jzRR ,,,θ - Reach distance in shirt-sleeved clothing 
jzPR ,,,θ - Reach distance in VKK-6M pressure suit 
1934.12 44341.88 -46276 )( ,,,,,,,, ==−= jzPjzRjz RR θθθδ  
For,  
θ - Angular direction, z - Height over the ground level 
j - jth subject 
 39
Table 4.4: Reach variations with and without-suit, % decrease in reach for Asian Indians 
 
 
The averageδ and Standard deviation were computed over all combinations of reach 
directions and all subjects: 
∑∑∑
= = =
=∗∗==
m n
z
p
j
jzpnm 1 1 1
,,
_
22.3
5815
1934.12
..
1
θ
θδδ  
S.D = ∑∑∑
= = =
−−
m n
z
p
j
jzpnm 1 1 1
2
,,
_
)(
1..
1
θ
θδδ = ( ) ( ) 4.01 2404.471- 5815
1 =∗∗  
where,  
m - Number of subjects = 15 
n - Number of angular directions = 8 
Z ↓ θ → 0 30 60 90 90 120 150 180 
Without-suit 69.58 72.43 71.83 67.01 66.9 71.99 72.37 69.29 
With-suit 66.18 69.50 67.88 63.63 64.39 68.53 68.89 66.72 
Difference 3.4 2.93 3.95 3.38 2.51 3.46 3.473 2.57 
 
40 
 
 %decrease 4.88 4.04 5.49 5.04 3.75 4.81 4.79 3.71 
Without-suit 78.95 82.46 81.53 75.78 75.50 81.04 81.87 78.32 
With-suit 75.27 79.38 77.76 71.56 71.12 77.81 79.08 75.63 
Difference 3.68 3.07 3.76 4.21 4.37 3.22 2.79 2.68 60 
 
  %decrease 4.66 3.73 4.61 5.56 5.79 3.98 3.40 3.43 
Without-suit 82.5 85.84 84.71 79.06 78.52 84.7 85.20 82.55 
With-suit 79.73 83.37 81.88 74.62 74.71 81.94 83.23 79.94 
Difference 2.76 2.46 2.83 4.44 3.81 2.756 1.96 2.60 80 
 
 %decrease 3.34 2.86 3.341 5.62 4.85 3.25 2.30 3.15 
Without-suit 80.56 83.48 82.45 76.86 76.44 82.02 82.6 79.89 
With-suit 77.22 81.08 79.15 71.87 72.19 79.05 81.00 77.36 
Difference 3.34 2.4 3.3 4.99 4.24 2.97 1.59 2.53 100 
 
 %decrease 4.14 2.87 4.00 6.49 5.55 3.62 1.92 3.169 
Without-suit 72.30 75.14 73.93 69.88 69.64 73.66 74.31 71.89 
With-suit 68.64 72.19 70.52 65.71 65.54 70.40 72.50 68.82 
Difference 3.65 2.94 3.41 4.17 4.10 3.26 1.81 3.07 120 
 
 %decrease 5.05 3.91 4.61 5.96 5.89 4.42 2.43 4.27 
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p - Number of Z levels = 5 
The mean distance in reach distance obtained from the shirt-sleeved clothing (session 1) 
and VKK-6M suit (session 2) can be assumed to be a normal variable. 
( )16.0,22.3),( NN == δδ σδµ  
0.16
5815
014148.4
..
=∗∗== pnm
s
δσ  
Where, 
s - Standard deviation of difference 
δσ - Standard deviation of the mean differences δµ  
95% Confidence interval over mean,  
( ) [ ]54.3,90.216.096.156.396.1 =±=±= δδ σδµ  
§ Hypothesis: Differences in reach distances may exist for Asian Indians before and after 
wearing pressure suit.  
From, null hypothesis, 0: ,,,,0 =− pRArRAH µµ  
and alternate hypothesis, 0: ,,,,1 ≠− pRArRAH µµ  
Where,  
rRA ,,µ – Mean Caucasian without-suit reach. 
pRA ,,µ - Mean Caucasian with-suit reach. 
Test statistics is 
3.41
0.655064
5.217389
155.912375
5.217389
0 ==== ns
dz
D
 
Reject null hypothesis if 
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05.00 645.1 zz =>   
Since, 645.141.3 05.0 => z  we reject the null hypothesis and conclude that there is a 
significant difference in reach of Asian Indians before and after wearing the pressure suit. 
 
Table 4.5: The paired Z-test of mean reach distance (cm) in shirt-sleeved clothing and 
VKK-6M pressure suit 
 
Population Number of 
corresponding 
reach directions 
N =m*n*p 
Average 
difference
δ  
Standard 
deviation 
of 
difference 
 S   
Standard 
deviation 
of the 
mean 
differences 
δσ  
95% Confidence 
interval over mean  
( δµ ) = δσδ 96.1±  
 
Subject data N =15*8*5= 600 3.22 4.01 0.16 2.90- 3.54 
 
Similar analysis was performed on Caucasian population. A paired two-sample Z-
test of means was conducted for the difference between the reach distances in shirt-
sleeved clothing and VKK-6M pilot pressure suit on the Caucasian population 
 
§ Hypothesis 1(c): Wearing a VKK-6M Fighter Pilot Pressure suit will affect the 
reach of Caucasians. 
The possible variations in reach of shirt-sleeved clothing and VKK-6M pressure 
suit were investigated on Caucasians.  The data sample for the following tests consists of 
15 Caucasian subjects. Mean reach variations and percentage decrease are calculated and 
shown in Table 4.6. The average shirt-sleeved clothing reach for Asian Indians was found 
to be 77.68 and the average VKK-6M pressure suit reach for Asian Indians was found to 
be 73.77 cm respectively. Therefore average difference in shirt-sleeved and VKK-6M 
pressure suit pressure suit reach for Asian Indians was found to be 3.91 cm.  
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Table 4.6: Reach variations with and without-suit, % decrease in reach for Caucasians 
 
 
If, 
jzRR ,,,θ - Reach distance in shirt-sleeved clothing 
jzPR ,,,θ - Reach distance in VKK-6M pressure suit 
825.2347)( ,,,,,,,, =−= jzPjzRjz RR θθθδ  
For,  
θ - Angular direction 
z - Height over the ground level 
j - Jth subject 
Z ↓ θ → 0 30 60 90 90 120 150 180 
Without-suit 69.83 72.93 72.25 67.28 67.48 71.79 73.18 70 
With-suit 66.07 69.22 67.29 62.52 62.58 67.66 68.91 66.78 
Difference 3.76 3.71 4.96 4.76 4.89 4.12 4.27 3.21 
 
40 
 
 %decrease 5.38 5.08 6.86 7.08 7.25 5.74 5.84 4.59 
Without-suit 79.48 83.1 82.09 75.27 74.71 81.06 82.95 79.1 
With-suit 75.67 79.53 77.49 68.64 68.71 77.17 79.48 75.66 
Difference 3.81 3.56 4.59 6.63 6.00 3.89 3.47 3.44 60 
 
  %decrease 4.79 4.28 5.59 8.81 8.03 4.79 4.18 4.34 
Without-suit 83.71 86.90 85.69 78.56 78.05 84.73 86.6 83.56 
With-suit 81.02 84.01 81.37 73.81 74.01 81.36 83.61 81.54 
Difference 2.69 2.88 4.32 4.74 4.04 3.36 2.98 2.02 80 
 
 %decrease 3.21 3.32 5.04 6.03 5.17 3.96 3.44 2.42 
Without-suit 81.37 84.38 83.29 76.66 76.22 82.39 84.31 81.28 
With-suit 78.01 81.58 78.69 71.93 71.57 78.66 81.23 78.49 
Difference 3.36 2.8 4.59 4.72 4.64 3.73 3.08 2.79 100 
 
 %decrease 4.13 3.31 5.51 6.16 6.09 4.52 3.65 3.43 
Without-suit 73.37 76.55 74.82 69.82 69.31 73.82 76.11 73.37 
With-suit 69.39 73.21 70.65 65.89 65.46 69.98 72.57 69.42 
Difference 3.97 3.34 4.16 3.93 3.85 3.84 3.54 3.95 120 
 
 %decrease 5.42 4.36 5.56 5.63 5.56 5.20 4.65 5.38 
 43
The averageδ and Standard deviation were computed over all combinations of reach 
directions and all subjects: 
∑∑∑
= = =
=∗∗==
m n
z
p
j
jzpnm 1 1 1
,,
_
91.3
5815
2347.825
..
1
θ
θδδ  
S.D = ∑∑∑
= = =
−−
m n
z
p
j
jzpnm 1 1 1
2
,,
_
)(
1..
1
θ
θδδ = ( ) ( ) 5.91 3541.5131- 5815
1 =∗∗  
Where,  
m - Number of subjects = 15 
n - Number of angular directions = 8 
p - Number of Z levels = 5 
The mean difference in reach distance obtained from shirt-sleeved clothing (session 1) 
and with VKK-6M suit (session 2) can be assumed to be a normal variable. 
( )24.0,91.3),( NN == δδ σδµ  
With, 
0.24
5815
912375.5
..
=∗∗== pnm
s
δσ  
s - Standard deviation of difference 
δσ - Standard deviation of the mean differences δµ  
95% Confidence interval over mean,  
( ) [ ]38.4,44.324.096.191.396.1 =±=±= δδ σδµ  
§ Hypothesis: Differences in reach distances may exist for Caucasians before and after 
wearing pressure suit.  
From, null hypothesis, 0: ,,,,0 =− pRCrRCH µµ  
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and alternate hypothesis, 0: ,,,,1 ≠− pRCrRCH µµ  
Where,  
rRC ,,µ – Mean Caucasian without-suit reach. 
pRC ,,µ - Mean Caucasian with-suit reach. 
Test statistics is 
4.14
0.96
4.29
154.01
4.29
0 ==== ns
dz
D
 
Reject null hypothesis if 
05.00 645.1 zz =>   
Since, 64.14.14 05.0 => z  we reject the null hypothesis and conclude that there is a 
significant difference in reach of Caucasians, before and after wearing the pressure suit. 
Table 4.7 shows the paired Z-test of mean reach distance (cm) in shirt-sleeved clothing 
and VKK-6M pressure suit. 
Table 4.7: Paired Z-test of mean reach distance (cm) in shirt-sleeved clothing and VKK-
6M pressure suit. 
 
Population Number of 
corresponding 
reach directions 
N =m*n*p 
Average 
difference
δ  
Standard 
deviation 
of 
difference 
 S   
Standard 
deviation 
of the 
mean 
differences 
δσ  
95% Confidence 
interval over mean 
( δµ ) = δσδ 96.1±  
 
Subject data N =15*8*5=600 3.91 5.91 0.24 3.44- 4.38 
 
The 95% confidence intervals over mean, the mean difference in Asian Indians 
and Caucasians reaches varied between 2.90- 3.54 cm and 3.44- 4.38 cm respectively. 
This shows that the reach was significantly being altered by the pressure suit and justifies 
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the fact that VKK-6M pressure suit was significantly reducing the maximum reach 
distance by at least 2.9 cm in Asian Indians and by 3.44 cm in Caucasians respectively. 
 
4.2 Determination of the Percentile Maximum of Reach Envelope Dimensions 
From the preliminary study, it can be seen that there was significant difference in 
the reach envelopes of subjects before and after wearing the pressure suit. So the 
percentile reach boundaries were determined for each case with-suit and without-suit 
separately. The set of reach distances from 30 subjects for each θ – Z combination was 
tested for normality. Using Hartley/Bartlett test it was shown that the dataset was 
conformed to be normal. The estimates of 50th percentile have been obtained from the 
mean while the 5th and 95th percentile values have been calculated using Sengupta, A.K. 
and Das, B. method is shown below in Table 4.8. 
Table 4.8: Reach distance for 5th 50th and 95th percentile population (n=30). 
 
50th percentile µ  
5th percentile ).(645.1 DS−µ  
95th percentile ).(645.1 DS+µ  
 
This procedure was applied for each θ – Z combinations separately to obtain 5th 50th and 
95th percentile maximum reach envelope.  The 50th, 5th and 95th reach envelope 
dimensions are given in Tables 4.9(a), 4.9 (b), and 4.9(c) respectively. 
Table 4.9: Reach distances of (a) 50th, (b) 5th and (c) 95th percentile population  
     Average Reach distances 50th % ile      
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180 Z 0 30 
 
60 
 
90 90' 120 150 180 
69.71 72.68 72.04 67.15 67.19 71.89 72.77 69.64 40 66.12 69.36 67.58 63.07 63.48 68.09 68.90 66.75 
79.22 82.78 81.80 75.52 75.11 81.05 82.41 78.70 60 75.47 79.46 77.62 70.10 69.92 77.49 79.28 75.64 
83.10 86.37 85.20 78.81 78.29 84.71 85.90 83.05 80 80.38 83.69 81.62 74.21 74.36 81.65 83.42 80.74 
80.97 83.93 82.86 76.76 76.33 82.20 83.45 80.58 100 77.61 81.33 78.92 71.90 71.88 78.85 81.11 77.92 
72.83 75.84 74.37 69.85 69.48 73.74 75.21 72.63 120 69.01 72.70 70.58 65.80 65.50 70.19 72.53 69.12 
(a)     (Table continued) 
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     5th % ile Reach distances      
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180  0 30 
 
60 
 
90 90' 120 150 180 
62.92 65.89 65.25 60.3636 60.40 65.10 65.99 62.85 40 59.34 62.57 60.80 56.28 56.70 61.31 62.11 59.96 
72.43 75.99 75.02 68.742 68.32 74.26 75.62 71.92 60 68.68 72.67 70.84 63.31 63.13 70.70 72.49 68.85 
76.32 79.58 78.41 72.0253 71.50 77.92 79.11 76.270 80 73.59 76.91 74.83 67.43 67.57 74.86 76.64 73.95 
74.18 77.15 76.08 69.977 69.54 75.42 76.67 73.79 100 70.83 74.55 72.13 65.11 65.10 72.07 74.33 71.13 
66.04 69.05 67.58 63.0695 62.69 66.95 68.42 65.84 120 62.23 65.91 63.80 59.01 58.71 63.40 65.75 62.33 
(b) 
 
     95th % ile Reach distances      
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180  0 30 
 
60 
 
90 90' 120 150 180 
76.49 79.46 78.82 73.93 73.97 78.67 79.56 76.42 40 72.91 76.14 74.37 69.86 70.27 74.88 75.68 73.53 
86.00 89.56 88.59 82.31 81.89 87.83 89.19 85.49 60 82.25 86.24 84.41 76.88 76.70 84.27 86.06 82.43 
89.89 93.15 91.98 85.59 85.07 91.50 92.68 89.84 80 87.16 90.48 88.41 81.00 81.15 88.44 90.21 87.52 
87.75 90.72 89.65 83.54 83.11 88.99 90.24 87.36 100 84.40 88.12 85.70 78.69 78.67 85.64 87.90 84.70 
79.61 82.63 81.16 76.64 76.26 80.52 82.00 79.41 120 75.80 79.48 77.37 72.59 72.28 76.97 79.32 75.90 
(c) 
 
The reach estimates from the mean shown in Table 4.9 (a) are interpreted as 
follows: For example, at Z= 40 cm level and θ= 0° to the seat reference point, the average 
right hand reach with and without-suit conditions are 66.12 and 69.71 cm respectively. 
Similarly, at Z= 60 cm level and θ= 90° to the seat reference point, the average left hand 
reach with and without-suit are 69.92 and 75.11 cm respectively. The Table 4.10 below 
shows the average difference and percentage decrease in reach distance for all (θ- Z) 
combinations.  
The reach envelope at different Z levels was plotted at 50th percentile reach of the 
combined population and is shown in Figure 4.1. 
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Table 4.10: Reach variations with and without-suit, % decrease in reach 
 
Z ↓ Θ → 0 30 60 90 90 120 150 180 
Without-suit 69.71 72.68 72.04 67.15 67.19 71.89 72.78 69.64 
With-suit 66.13 69.36 67.59 63.08 63.49 68.1 68.9 66.75 
Difference 3.58 3.32 4.45 4.07 3.70 3.79 3.87 2.89 
 
40 
 
 %decrease 5.13 4.568 6.18 6.06 5.51 5.27 5.32 4.15 
Without-suit 79.22 82.78 81.81 75.53 75.11 81.05 82.41 78.71 
With-suit 75.47 79.46 77.63 70.1 69.92 77.49 79.28 75.65 
Difference 3.74 3.32 4.17 5.42 5.18 3.55 3.132 3.06 60 
 
  %decrease 4.72 4.01 5.10 7.18 6.90 4.38 3.80 3.89 
Without-suit 83.11 86.37 85.2 78.81 78.29 84.72 85.9 83.06 
With-suit 80.38 83.7 81.62 74.22 74.37 81.66 83.43 80.74 
Difference 2.72 2.67 3.57 4.59 3.92 3.06 2.47 2.31 80 
 
 %decrease 3.28 3.09 4.19 5.82 5.01 3.61 2.88 2.78 
Without-suit 80.97 83.94 82.87 76.76 76.33 82.21 83.46 80.58 
With-suit 77.62 81.34 78.92 71.91 71.89 78.86 81.12 77.92 
Difference 3.35 2.6 3.94 4.85 4.44 3.35 2.33 2.66 100 
 
 %decrease 4.14 3.09 4.76 6.32 5.82 4.07 2.80 3.30 
Without-suit 72.83 75.85 74.38 69.86 69.48 73.74 75.22 72.63 
With-suit 69.02 72.7 70.59 65.81 65.5 70.19 72.54 69.12 
Difference 3.81 3.14 3.78 4.05 3.98 3.55 2.67 3.51 120 
 
 %decrease 5.23 4.14 5.09 5.79 5.72 4.81 3.55 4.83 
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Figure 4.1: 50th percentile reach envelopes of combined population at Z = 40, 60, 80, 100 
and 120. 
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AutoCAD-2004 was used to represent the data points in a three dimensional 
coordinate system. The average reach envelope for each θ – Z combinations is shown 
below. The estimates of 50th percentile reach distances at different Z levels are 
represented to the left of the 3D plot of Fig. 4.2. If the reach data points are plotted in the 
arbitrary space, the right side in the Fig. 4.2 shows their distribution pattern. 
 
 
Figure 4.2: 3D plot of reach envelopes at 50th percentile combined population 
 
The contour obtained by joining these points in space is shown in Fig.4.3. The red 
mesh lines forming a large contour are obtained by joining the reach points of the 
subject’s average reach distances in condition 1, without-suit. Contour 2 represented by a 
green mesh was created from the reach data obtained in condition 2, wearing Vkk-6m 
pressure suit. 
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Figure 4.3: 3D contour of reach envelopes at 50th percentile combined population 
 
To show the effect of pressure suit on reach, contour 1 and 2 are overlapped. This 
diagram (Fig. 4.4) shows the effect of wearing a VKK-6M pressure suit on a persons 
reach. The effective decrease in a persons reach was calculated to be 3.34 cm. 
 
Figure 4.4: Overlap of 3D contours obtained from with and without-suit combined 
populations reach  
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To effectively summarize the magnitude of data presented in Table 4.9(a) and 
4.10, bar graphs shown in Fig. 4.5 are used to show the decrease in arm reach capability  
Figure 4.5: Bar diagrams corresponding to data from Table 4.9(a) and 4.10 
 
The average reach (50th percentile reach), 5th percentile reach and at 95th percentile reach 
distances for the combined population at various Z intervals are plotted in the following 
graphs of Figure. 4.6. 
Average reach distances @ Z=40 cm
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Figure 4.6: Average reach distances of the 5th, 50th and 95th percentile population. 
 
4.3 Determining Critical Dimensions for 5th Percentile Reach Envelopes 
In the subject selection criteria, the sub samples selected are normally distributed 
such that the mean and standard deviations of stature agree reasonably well with their 
respective parent populations.  The 5th percentile reach values for Caucasians and Asian 
Indians are in the following Tables 4.11(a) and 4.11(b). The 5th percentile reach 
envelopes are plotted for the Asian Indians and Caucasians. Figures 4.7 and 4.8 represent 
reach distances plotted on a two dimensional plane at various “Z” intervals. The 5th 
percentile reach envelopes are plotted radial to the seat reference point for different Z 
levels. 
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Table 4.11: The 5th percentile reach for (a) Asian Indians and (b) Caucasians. 
 
     5th %ile Asian Indian reach        
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180  0 30 
 
60 
 
90 90' 120 150 180 
60.10 63.20 62.52 57.56 57.75 62.06 63.46 60.27 40 56.34 59.49 57.56 52.79 52.86 57.93 59.18 57.05 
69.76 73.37 72.36 65.55 64.99 71.33 73.22 69.37 60 65.95 69.81 67.76 58.91 58.99 67.44 69.75 65.93 
73.99 77.17 75.96 68.83 68.33 75.00 76.87 73.83 80 71.29 74.29 71.63 64.09 64.29 71.64 73.89 71.81 
71.65 74.66 73.56 66.93 66.49 72.66 74.58 71.55 100 68.28 71.86 68.96 62.20 61.85 68.93 71.50 68.76 
63.64 66.82 65.09 60.10 59.59 64.09 66.39 63.64 120 59.66 63.48 60.92 56.17 55.73 60.25 62.84 59.69 
(a) 
(b) 
 
The red color lines represent the reach envelope without wearing a pressure suit 
while the green color lines represent the reach envelope wearing a pressure suit. The 
difference in reach is represented by the hatched lines (Figures 4.7 and 4.8).  
 
    
 
 
Figure 4.7: Reach distances of Asian Indian population (n=15) at Z = 40, Z = 60, Z = 80, 
Z = 100 and Z = 120 (figure continued). 
 
     5th %ile Caucasian reach        
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180  0 30 
 
60 
 
90 90' 120 150 180 
62.98 65.83 65.23 60.41 60.29 65.39 65.76 62.68 40 59.58 62.90 61.28 57.02 57.78 61.93 62.29 60.11 
72.35 75.86 74.92 69.17 68.90 74.44 75.27 71.71 60 68.66 72.78 71.16 64.96 64.52 71.21 72.48 69.03 
75.89 79.23 78.11 72.46 71.92 78.09 78.60 75.94 80 73.13 76.77 75.28 68.01 68.11 75.34 76.63 73.34 
73.96 76.88 75.84 70.26 69.84 75.42 75.99 73.28 100 70.61 74.48 72.54 65.27 65.59 72.45 74.40 70.75 
65.69 68.53 67.33 63. 63.04 67.06 67.71 65.28 120 62.03 65.59 63.91 59.11 58.94 63.80 65.90 62.21 
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Figure 4.8: Reach distances of Caucasians (n=15) at Z = 40, Z = 60, Z = 80, Z = 100 and 
Z = 120 (figure continued). 
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From the above 5th percentile reach envelopes, the reach distance at each 
individual reach planes for Asian Indians and Caucasians and have been compared. Any 
plane which has the least reach values among the two was chosen. It was observed that 
the reach of 5th percentile Asian Indians was the least for both with and without-suit 
conditions. As discussed earlier, the 5th percentile reach values are of great importance as 
they represent the physical ability of 95% of the population to successfully reach any 
point in the arbitrary space defined within this physical boundary. Hence the 5th 
percentile reach value for a given population can also be defined as the 95th percentile 
arm reach boundary for that particular population. Therefore this envelope was chosen 
for placement of critical cockpit controls (Sengupta, A.K. and Das, B.).  The critical 
dimensions for the chosen reach envelope are shown in the Table 4.12 
Table 4.12: 5th percentile Asian Indian reach- critical dimensions 
 
     5th %ile Asian Indian reach        
   Without-suit       With-suit     
0 30 60 90 90' 120 150 180  0 30 
 
60 
 
90 90' 120 150 180 
60.10 63.20 62.52 57.56 57.75 62.06 63.46 60.27 40 56.34 59.49 57.56 52.79 52.86 57.93 59.18 57.05 
69.76 73.37 72.36 65.55 64.99 71.33 73.22 69.37 60 65.95 69.81 67.76 58.91 58.99 67.44 69.75 65.93 
73.99 77.17 75.96 68.83 68.33 75.00 76.87 73.83 80 71.29 74.29 71.63 64.09 64.29 71.64 73.89 71.81 
71.65 74.66 73.56 66.93 66.49 72.66 74.58 71.55 100 68.28 71.86 68.96 62.20 61.85 68.93 71.50 68.76 
63.64 66.82 65.09 60.10 59.59 64.09 66.39 63.64 120 59.66 63.48 60.92 56.17 55.73 60.25 62.84 59.69 
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The data points obtained are seen as random colored points in arbitrary space as shown in 
Fig. 4.12. 
 
Figure 4.9: 5th percentile Asian Indian reach data points corresponding to critical 
dimensions plotted in arbitrary space 
 
Consecutive points of similar color are joined both horizontally and vertically to 
form a mesh. This mesh like contour formed by joining red points (red contour) 
represents the 5th percentile reach envelop without the suit while the green mesh formed 
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by joining green points represents reach envelope with the VKK-6M pressure suit as 
shown in Fig. 4.10. 
 
 
Figure 4.10: 3D contour corresponding of reach envelopes at 5th percentile critical 
dimensions for with and without-suit conditions 
 
From the Figure 4.10 it can be concluded that when designing any cockpit which 
necessities the use of a pressure suit in a high acceleration environment, the reach 
controls should be within the green envelope. When designing of cockpit susceptible to 
low accelerations that the pilot can sustain without wearing a pressure suit, the 
placements of reach controls can be a little lenient but within the red envelope. 
 58
4.4 Race Tests 
§ Hypothesis 2: There is a possible variations in the mean thumb tip reach and 
shoulder breadth measurements for Caucasians and Asian Indians 
To investigate the possible variations in thumb tip reach with respect to race, 
shoulder breadth and thumb tip reach measurements collected from Caucasians and Asian 
Indians subjects in session 1 are analyzed and shown in Table 4.13. 
Table 4.13: Anthropometric characteristics of Asian Indian and Caucasian populations 
 
 Asian Indians Caucasian 
 Avg. S.D Avg. S.D 
Age (years) 24.6 1.24 22.13 1.60 
Weight (Kg) 69.05 5.97 75.96 6.89 
Stature (cm) 172.33 6.36 177.30 4.20 
Thumb-tip reach (sitting) 78.4 3.08 79.49 3.27 
Shoulder Breadth (bowed - standing) 44.11 1.90 46.77 3.59 
Shoulder Breadth (reaching overhead) 39.79 1.70 41.85 3.95 
 
To see the affect of race on reach, t-test was performed on the thumb tip reach, 
bowed shoulder breadth and shoulder breadth reaching overhead. The parameters of 
interest are the mean differences between anthropometric dimensions of Caucasians and 
Asian Indians.  
§ Hypothesis: The null hypothesis states that at the p=0.05 level of significance, the mean 
thumb tip’s reach and shoulder breadth for Caucasians and Asian Indians are the same.  
Performing the test statistics on our first parameter of interest that is, the thumb tip reach 
From, null hypothesis, 0: ,,0 =− ATCTH µµ  
and alternate hypothesis, 0: ,,1 ≠− ATCTH µµ  
Where,  
CT ,µ – Mean thumb tip reach of Caucasians. 
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AT ,µ – Mean thumb tip reach of Asian Indians. 
Test statistics: 
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Table 4.14: t-test statistics performed on thumb tip and shoulder breadths 
 
Parameters 
Degree of freedom 
 
2
1
)(
1
)(
2
2
2
2
2
1
2
1
2
1
2
2
2
2
1
2
1
−
+++
⎟⎟⎠
⎞
⎜⎜⎝
⎛ +
=
n
ns
n
ns
n
s
n
s
v
 
t-value 
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Boundaries 
for 
t-value 
Significant 
/ Not  
Significant 
Thumb tip arm reach 30 1.2682 [±2.042] Not  Significant 
Bowed shoulder 
breadth  22 2.7886 [±2.074] Significant  
Shoulder breadth 
reaching overhead  20 2.2902 [±2.086] Significant 
 
Table 4.14 shows the t-test statistics for race dependent reach. The null hypothesis 
on the thumb tip arm reach cannot be rejected. That is at the 0.05 level of significance we 
do not have enough evidence to conclude that the thumb tip arm reach of Caucasians 
differ from Asian Indians. In the subject selection criteria we saw that the Asian Indian 
population was skewed right to the parent distribution. This fact may have positively 
contributed in rejecting the above null hypothesis. 
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The null hypothesis for shoulder breadth measurements taken in a bowed and 
reaching overhead positions was rejected. That means at the 0.05 level of significance, 
we have evidence to conclude that that there is enough difference in the shoulder breadth 
measurements between the Caucasians and Asian Indians. 
Strength is defined as the maximum amount of force that can be exerted against a 
resistance. There are several ways to measure maximal force, the most common being 
isotonic, isometric, and isokinetic. The isotonic or static technique requires lifting as 
much weight as possible through a full range of motion. The isometric or static strength 
testing technique requires the individual to push or pull maximally against a recording 
device without movement taking place. The isokinetic or dynamic technique controls the 
speed of movement during maximal contraction while measuring force application.   
 
4.5  Strength Tests 
§ Hypothesis 3: Differences in static strength measurements may exist between with 
and without-suit conditions.  
In the current study, static and dynamic strength tests have been conducted on an 
independent set of population. 10 subjects have been used for static strength testing. The 
test apparatus consisted of handle that attaches to the static strength testing equipment. 
Subjects perform static pulling, lifting up and pushing down tasks on the test handle for 3 
seconds. The significance of wearing a VKK-6M suit on the subject’s static strength was 
tested. The static strength measurements were measured from the subjects in with and 
without pressure suit conditions. The placement of the test handle was at 90° to seat 
reference point and 60 cm from the ground level(Appendix D). Subjects are instructed to 
perform the given task (pulling, lifting up, pushing down, and grip strength test) at their 
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maximum efficiency and effort but without altering, shaking, jerking or moving away 
from their natural position. The experimental protocol was randomized to include factors 
like fatigue and extortion. Hence the subjects have been randomly assigned to with and 
without-suit testing. But the pattern in which they perform individual test was 
standardized. That is, subjects first perform static pulling, followed by static lifting up 
and pushing down and at the end static grip strength test. The subjects were given a 3 
minutes rest time in-between any two test measurements. Using the software for strength 
testing, three measurements for each test have been taken and their averages are shown in 
the Table 4.15.  
Table 4.15: Average static strength measurements for with and without-suit conditions 
 
 
To see the significance of wearing VKK-6M pilot pressure suit on persons static 
strength, a paired t-test was performed on the static pulling, lifting up, pushing down, and 
static grip strengths obtained in with versus without-suit conditions.  
§ Hypothesis: The null hypothesis states that at p=0.05 level of significance, the mean 
static strength values are the same. 
 Static strength test 
 Without-suit With-suit Difference ( )d  
Subject 
# 
Pull Lift  Push Grip  Pull Lift  Push Grip  Pull Lift  Push Grip  
  (Lbs) (Lbs) (Lbs) (Lbs) (Lbs) (Kg) (Lbs) (Kg) (Lbs) (Kg) (Lbs) (Kg) 
1 64.99 5.90 5.32 33.5 63.17 4.15 4.97 34 1.82 1.74 0.34 -0.5 
2 56.42 6.90 5.36 31 57.34 6.74 4.17 32.5 -0.92 0.15 1.19 -1.5 
3 33.11 4.41 5.01 32.5 32.1 5.87 5.55 29.5 1.01 -1.46 -0.54 3 
4 50.71 6.15 6.83 42 52.23 5.86 6.92 39.5 -1.51 0.28 -0.09 2.5 
5 46.46 4.65 4.84 41 45.34 4.12 4.85 40.5 1.11 0.52 -0.01 0.5 
6 34.66 4.56 5.54 29 33.33 4.83 5.52 28 1.33 -0.27 0.02 1 
7 59.66 6.85 6.54 35.5 63.33 6.89 6.78 36.5 -3.66 -0.04 -0.24 -1 
8 48.42 5.86 5.56 31.5 52.41 5.75 5.98 32.5 -3.98 0.11 -0.42 -1 
9 52.62 6.83 7.25 33.5 52.85 6.58 7.42 33 -0.23 0.24 -0.16 0.5 
10 78.52 12.8 11.75 45.5 80.33 13.6 11.82 46.5 -1.81 -0.82 -0.06 -1 
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The parameter of interest is the difference in the mean static strength in with and without 
suit conditions, that is 0,, =−= psrsD µµµ  
From, null hypothesis, 0=Dµ  
and alternate hypothesis, 0≠Dµ  
where,  
rs,µ – Static strength from relaxed wear. 
ps ,µ - Static strength from wearing pressure suit. 
Test statistics is 
-1.047
0.654138
68510.-
102.068565
0.6851-
0 ==== ns
dt
D
 
Reject null hypothesis if 
2.2629,025.00 => tt  Or if  2.2629,025.00 −=−< tt  
The t-test statistics are plotted in Table 4.16. 
Table 4.16: t-test statistics on static strength testing 
 
Parameters Degrees 
of 
freedom 
t-value Boundaries 
for t-value 
Significant / 
Not  Significant 
Static pulling 9 -1.047 [±2.262] Not  Significant 
Static lifting up 9 0.177 [±2.262] Not  Significant 
Static pushing 9 0.002 [±2.262] Not  Significant 
Grip strength test 9 0.510 [±2.262] Not  Significant 
 
The null hypothesis on the mean static strength values cannot be rejected. That is, 
at the 0.05 level of significance we do not have enough evidence to conclude that the 
static pulling, lifting up, pushing down, and grip strength values in with-suit differ from 
that of without-suit. Therefore it can be said that the suit does not affect static strength of 
a person at p=0.05 level of significance. 
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§ Hypothesis 4: Differences in dynamic strength measurements may exist between 
with and without-suit conditions.  
Most physical tasks performed by pilots while flying are usually dynamic. 
(Aghazadeh et al.,) To see the significance of wearing VKK-6M pilot pressure suit on a 
person’s dynamic strength, the following test has been conducted. Each task was 
designed simulating a real time maneuver performed while flying. In the current study, 
tasks simulating dynamic strength requirements for joystick movement and emergency 
release operation (Latif and Aghazadeh, 1993) are analyzed in two different conditions 
namely, wearing and not wearing VKK-6M pilot pressure suit.  4 subjects volunteered in 
the study. The subjects are students of Louisiana State University. Table 4.17 shows the 
measured statistical summary of the subjects. 
Table 4.17: Anthropometric statistics of subjects in dynamic strength testing 
 
 Subjects  
 1 2 3 4 Average S.D
Age (years) 24 24 25 24 24.25 0.5
Weight (Kg) 68 61 62.8 71 65.7 4.61
Stature (cm) 172 162.8 163.5 168.6 166.7 4.36
Thumb-tip reach (sitting) 78.3 72.1 76.3 78.2 76.2 2.89
  
 
The position of the dynamometer was set to 90° with respect to seat reference 
point and both legs rest on it.  Dynamometer handle was initially placed at z = 40 and 
θ=900 with respect to seat reference point. At this handle position, subjects pull 
dynamometer three times using there most dominant hand. The first pull is parallel to the 
seat reference point, second at θ = 45° to the right of seat reference point and third at θ = 
45° to the left of seat reference point (Appendix D). Pull forces are measured for every 
pull performed. 
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Later the dynamometer was anchored to the wall.  Dynamometer handle was 
initially placed at z = 120 and θ = -15° (Appendix D). Using right hand, subject pulls the 
dynamometers handle towards his left shoulder, simulating emergency release operation 
task shown in Table 4.18.  
Table 4.18: Dynamic strength testing tasks 
 
 Simulating task Position of 
dynamometer 
Position of handle Dynamic task 
a Parallel to the SRP 
b At θ = 45° to the right of SRP 
1 
c 
Joystick movement 90° with respect to SRP 
and both legs rest on it. 
At z = 40 and  
θ = 90° with respect 
to SRP 
At θ = 45° to the left of SRP 
2 Emergency release 
operation 
Anchored to the wall at 
z = 120 and θ = -30° 
with respect to SRP 
At z = 120 and 
θ = -15° with 
respect to SRP 
Towards subjects left shoulder 
 
The pull forces are simultaneously measured and shown in Table 4.19. 
Table 4.19: The dynamic pull forces 
 
 Without-suit With-suit Difference  
Tasks 1 2 1 2 1 2 
Subjects a b c  a b c  a B c  
1 22.6 20.8 18.5 24.2 20.6 21.4 20.1 25.2 2 0.3 -1.2 0.6 
2 18.5 16.1 15.6 18.6 18.2 17.3 17.3 18.5 -0.6 -1.2 0.8 2.2 
3 17.3 16.6 16.3 18.5 18.5 15.8 15.8 17.3 -1.6 -1.7 0.5 -0.4 
4 18.2 18.5 16.2 20.1 17.6 16.3 16.6 21.4 -1 0.1 1.2 -1.3 
 
To see the significance of wearing VKK-6M pilot pressure suit on person’s 
dynamic strength, a paired t-test was performed on the dynamic pulling strengths 
obtained from with and without-suit conditions. The null hypothesis being at the p = 0.05 
level of significance, the mean dynamic strength values are the same.  
§ Hypothesis: Differences in dynamic static strength measurements may exist between 
with and without-suit conditions.  
The parameters of interest are the mean differences in dynamic strength measurements 
between with and without-suit conditions, that is 0,, =−= pdrdD µµµ  
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From, null hypothesis, 0=Dµ  and  
alternate hypothesis, 0≠Dµ  
rd ,µ – Static strength in without suit condition,   
pd ,µ - Static strength in pressure suit. 
Test statistics is  
-0.37
0.7937
0.3-
41.5874
0.3-
0 ==== ns
dt
D
 
Reject null hypothesis if 
-3.1823,025.00 => tt  or if -3.183,025.00 =−< tt . 
Table 4.20: paired t-test statistics on dynamic strengths 
 
Parameters Degrees of 
freedom 
t-value Boundaries for 
t-value 
Significant / 
Not  Significant 
a 3 -0.37 [±3.182] Not  Significant 
b 3 -1.27 [±3.182] Not  Significant 
1 
c 3 0.61 [±3.182] Not  Significant 
2  3 0.36 [±3.182] Not  Significant 
 
The null hypothesis on the mean dynamic strength values cannot be rejected. That 
is, at the 0.05 level of significance we do not have enough evidence to conclude that the 
simulated dynamic tasks of joystick movement and emergency release operation in with 
and without-suit condition differ. Therefore it can be said that the suit does not affect 
dynamic strength of a person at a p=0.05 level of significance. The hypotheses tested are 
summarized with results in the following Table 4.21. 
 
 
 66
Table 4.21: Summary of test hypothesis results 
 
Hypoth
esis # 
Test Parameters 
a Vs b  
  
Experiments 
performed/investigated 
# of 
Subj
ects a b 
Null hypothesis 2 tailed tests 
Significant
/ Not  
Significant 
a 
The possible variations in reach of 
the combined population, in with 
and without-suit conditions 
 
30 
 
 
rR,µ – Mean 
without suit reach 
of combined 
population. 
pR ,µ - Mean 
pressure suit reach 
of combined 
population. 
 
 
0: ,,0 =− pRrRH µµ  
0: ,,1 ≠− pRrRH µµ  
 
Paired Z-test  
 Significant 
b 
The possible variations in  Asian 
Indians reach, in with and without-
suit conditions 
15 
rRA ,,µ – Mean  
Asian Indian 
relaxed wear reach 
pRA ,,µ - Mean 
Asian Indian 
pressure suit 
reach. 
 
 
0: ,,,,0 =− pRArRAH µµ
0: ,,,,1 ≠− pRArRAH µµ  
Paired Z-test  
 Significant 
Pr
es
su
re
 su
it 
ef
fe
ct
 o
n 
re
ac
h 
1 
c 
The possible variations in  
Caucasians reach, in with and 
without-suit conditions 
15 
rRC ,,µ  – Mean  
Caucasian relaxed 
wear reach 
pRC ,,µ - Mean 
Caucasian 
pressure suit 
reach. 
 
 
0: ,,,,0 =− pRCrRCH µµ
0: ,,,,1 ≠− pRCrRCH µµ  
Paired Z-test  Significant 
15 
CT ,µ – Mean 
Thumb tip reach 
of Caucasians 
AT ,µ – Mean 
Thumb tip reach 
of Asian Indians 
 
0: ,,0 =− ATCTH µµ  
0: ,,1 ≠− ATCTH µµ  
t-test  on 
means 
Not   
Significant 
15 
CBs,µ – Mean 
Bowed shoulder 
breadth of  
Caucasians 
ABs ,µ – Mean 
Bowed shoulder 
breadth of  Asian 
Indians 
0: ,,0 =− ABsCBsH µµ  
0: ,,1 ≠− ABsCBsH µµ  
t-test  on 
means Significant 
   
R
ac
e 
 e
ff
ec
t o
n 
re
ac
h 
2 
The possible variations in the mean 
thumb tip reach and shoulder breadth 
measurements for Caucasians and 
Asian Indians 
15 
COs,µ – Mean 
Shoulder breadth-
reaching overhead  
of  Caucasians 
AOs ,µ – Mean 
Shoulder breadth-
reaching overhead  
of   Asian Indians 
0: ,,0 =− AOsCOsH µµ  
0: ,,1 ≠− AOsCOsH µµ  
t-test  on 
means Significant 
rsp ,µ – Mean 
Static pulling  
strength without-
suit 
psp ,µ – Mean 
Static pulling 
strength  with-suit 
 
0: ,,0 =− psprspH µµ  
 
Paired t-test Not   Significant 
rsl ,µ – Mean 
Static lifting-up  
strength without-
suit 
psl ,µ – Mean 
Static lifting-up  
strength with-suit 
0: ,,0 =− pslrslH µµ  
0: ,,1 ≠− pslrslH µµ  Paired t-test 
Not   
Significant 
rsps ,µ – Mean 
Static pushing 
strength  without-
suit 
psps ,µ – Mean 
Static pushing  
strength with-suit 
0: ,,0 =− pspsrspsH µµ  
0: ,,1 ≠− pspsrspsH µµ  Paired t-test 
Not   
Significant 
3 
The possible variations in static 
strength for with and without-suit 
conditions. 
10 
 
rsg ,µ – Mean 
Static grip strength 
without-suit 
psg ,µ – Mean 
Static grip strength 
with-suit 
0: ,,0 =− psgrsgH µµ  
0: ,,1 ≠− psgrsgH µµ  Paired t-test 
Not   
Significant 
rJd ,,µ – Dynamic 
strength 
performing 
joystick movement 
without-suit 
pJd ,,µ - Dynamic 
strength 
performing 
joystick movement  
with pressure suit 
 
0: ,,,,0 =− pJdrJdH µµ  
0: ,,,,1 ≠− pJdrJdH µµ  
Paired t-test Not   Significant 
Pr
es
su
re
 su
it 
ef
fe
ct
 o
n 
st
re
ng
th
 
4 
The possible variations dynamic 
strength for with and without-suit 
conditions. 
4 
rPd ,,µ – Dynamic 
strength 
performing  
emergency release 
operation without-
suit 
pPd ,,µ - Dynamic 
strength 
performing  
emergency release 
operation with-suit 
0: ,,,,0 =− pPdrPdH µµ  
0: ,,,,1 ≠− pPdrPdH µµ  Paired t-test 
Not   
Significant 
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CHAPTER 5 
CONCLUSIONS AND FUTURE RECOMMENDATIONS 
In conformance with the research objectives the following conclusions are derived: 
The average reach with shirt-sleeved clothing and VKK-6M pressure suit for 
combined population (Indians and Caucasians) was found to be 77.40 and 73.83 cm 
respectively. Therefore average difference in shirt-sleeved and pressure suit reach was 
3.57cm. This shows that at p=0.05 level of significance, the reach was significantly 
altered by the pressure suit and justifies the fact that VKK-6M pressure suit has reduced 
the maximum reach distance by 3.57cm. 
The average with shirt-sleeved clothing and VKK-6M pressure suit reaches for 
Asian Indians was found to be 77.13 and 73.90 cm respectively. Therefore average 
difference in shirt-sleeved and pressure suit reach was 3.23 cm. This shows that at p=0.05 
level of significance, the reach was significantly altered by the pressure suit and justifies 
the fact that VKK-6M pressure suit has reduced the maximum reach distance of Asian 
Indians by 3.22 cm. 
The average with shirt-sleeved clothing and VKK-6M pressure suit reaches for 
Caucasians was found to be 77.68 and 73.77 cm respectively. Therefore average 
difference in shirt-sleeved and pressure suit reach was 3.91 cm. This shows that at p=0.05 
level of significance, the reach was significantly altered by the pressure suit and justifies 
the fact that VKK-6M pressure suit has reduced the maximum reach distance of 
Caucasians by 3.91 cm. 
After deriving the 5th percentile reach envelopes from the mean reach, It was 
observed that the reach of 5th percentile Asian Indian envelope was the smallest in both 
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with and without-suit conditions. The 5th percentile reach values are of great importance 
as they represent the physical ability of 95% of the population to successfully reach any 
point in the arbitrary space defined with in this physical boundary. Therefore this envelop 
was chosen for placement of critical cockpit controls. 
From the 5th percentile reach envelope it can be concluded that when designing 
any cockpit which necessities the use of a pressure suit in a high acceleration 
environment, reach controls should be with in the derived with-suit 5th percentile Asian 
Indian reach envelope. When designing of cockpit susceptible to low accelerations that 
the pilot can sustain without wearing a pressure suit, the placements of reach controls can 
be a little lenient but with in the derived without-suit 5th percentile Asian Indian reach 
envelope. 
A comparison of minimum reach boundaries of Asian Indians and Caucasians 
emphasizes the need for this type of data. The analysis and application of such 
measurement in the real design will help modify aircrafts by ensuring a safe restraint for 
pilots while also allowing them to reach for all controls. 
To see the affect of race on the reach, t-test was performed on the thumb tip reach, 
shoulder breadth. It was found that there is no enough evidence to conclude that the 
thumb tip arm reach of Caucasians differ from Asian Indians. But on the other hand we 
found evidence to say that there is a difference in the shoulder breadth measurements for 
Caucasians and Asian Indians. So, though there was a significant difference in shoulder 
breadth of Caucasians and Asian Indians, it can not be stated that anthropometric factors 
like bideltoid breadth contribute directly to thumb tip arm reach. 
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The fact that there is no significant difference in thumb tip reaches of Caucasians 
and Asian Indians was further investigated. The ratio of thumb tip reach to stature for 
Caucasians and Asian Indians was found to be 0.4483 and 0.4549 respectively. This 
value being greater for Asian Indians suggests that Asian Indians have slightly longer 
arms to their body proportion then Caucasians. The data on of arm reach from wall and 
stature for Caucasians and Asian Indians was derived from earlier studies (American 
NASA, 1978; Gite et al, 1989; Verin et al, 2002) and their ratios are calculated. It was 
seen that this ratio was greater for Asian Indians, pointing out that Asian Indians have 
slightly longer arms to their body proportion than their counterparts. 
To investigate the significance of wearing VKK-6M pilot pressure suit on 
person’s static strength, a paired t-test was performed on the static pulling, lifting up, 
pushing down, and static grip strengths. It was found that the average difference in static 
pulling, lifting up, pushing down, and grip strength values in with-suit and without-suit 
conditions were -0.6851, 0.0473, 0.0004 and 0.25 cm respectively.  A paired t-test was 
performed and the respective t-values (-1.0473, 0.1774, 0.0026 and 0.510) fall inside the 
boundaries [±2.262] suggesting that the suit does not affect static strength. 
To see the significance of wearing VKK-6M pilot pressure suit on a person’s 
dynamic strength, dynamic tasks simulating strength requirements for joystick movement 
and emergency release operation are performed. A paired t-test was performed and the 
respective t-values (-0.37, -1.27, 0.61 and 0.36) fall inside the boundaries [±3.182] 
suggesting that the suit does not affect dynamic strength. Therefore there is no evidence 
to conclude that the dynamic strength from simulated dynamic tasks of joystick 
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movement and emergency release operation performed in with and without-suit condition 
differ.  
However, it was observed that suit increased the subjects' perceived strength. 
Performing static strength tests, subjects psychologically feel comfortable with the suit. 
In contrast, experimental results did not show any significant strength difference between 
the two conditions. 
 
5.1 Recommendations for Future Work 
There are certain facets, which the experiment did not deal in. Succinctly some of the 
recommendations for future research are outlined under 
− Since the subjects of the present experiment were Caucasian and Asian Indian 
male students, it was not clear that the results obtained would apply to females or 
workers in actual workplace. Future research needs to include females and pilots 
as subjects. 
− The arm reach boundaries defined in this paper are for certain specific conditions 
like thumb tip reach, back rest and seat height of 150 from seat reference point and 
15 cm above the ground level respectively, a firm restraint, wearing a VKK-6M 
pressure suit and short-sleeved shirt. The change of any of these conditions would 
affect the reach envelope that was obtained in the study. Hence, the application of 
reach envelopes to any practical situation needs to validate existing practical 
conditions with that of the current study. 
− The investigation of small sample sizes and inclusion of primarily young, male 
subjects are also limitations to this study.  
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− Future research emphasizing the use of many pressure suit sizes that can 
accommodate all percentiles of population would yield in interesting findings. 
− Testing the reach and strength effects on other kinds of pressure suit and 
comparing results with the current study is a good prospect. 
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APPENDIX - A 
CONSENT FORM 
 
 
LOUSIANA STATE UNIVERSITY-BATON ROUGE CAMPUS 
CONSENT FORM 
 
 
1.   Study Title:                      Influence of Pressure suit on functional reach 
            measurements. 
 
2.   Performance Site:    CEBA, 3412, Human Factors Lab & 
CEBA, 3413, CHaMP Lab,  
Dept. of Industrial and Manufacturing Systems Engineering 
    Louisiana State University A&M College, 
Baton Rouge, 70808 LA 
 
3.   Investigators:        The following investigators are available for questions  
about this study: 
 
            Dr. F Aghazadeh 
Associate Professor, 
    Dept. of Industrial and Manufacturing Systems Engineering 
    3213 CEBA Building, Louisiana State University,  
    Baton Rouge, LA 70803.  
    Telephone Number: (225)578-5367 
 
    Nageswara rao uppu  
Graduate student, 
    Dept. of Industrial and Manufacturing Systems Engineering 
    3413, CEBA Building, Louisiana State University,  
    Baton Rouge, LA 70803.  
Telephone Number: (225)578-5378    
 
4.   Purpose of the Study:   
Clothing and personal equipment worn on the body can 
influence functional reach measurements. The effect is 
mostly a decrease in reach but this decrease has to be 
considered if clothing or equipment is bulky and 
cumbersome. Most of the design data collected on the 
functional reach is gathered under light clothing which is 
different than the data while wearing personal protective 
clothing. Military and NASA designers are interested in 
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knowing the reach affect while wearing a VKK-6M Fighter 
Pilot Pressure Suit on person’s reach. Research assumes 
that the reach of a person is directly proportional to how 
tall the person is.  This may not be the case. The objective 
of this study is to determine the difference in 
anthropometric measurements between wearing short 
sleeves and a pressure suit.  In order to measure the static 
arm reach, the subjects are strapped in seat with lap belt 
and shoulder harness.  Subjects reach for the knob placed at 
different heights over the ground level ranging from 40-140 
cm with an increment of 20 cm and also the knob placed 
over different angles from the seat reference plane (300 to 
1200). Reach envelop of each subject is measured in 54 
different positions under two experimental conditions. 
Subjects are in short sleeves in session 1 and in a VKK-6M 
Fighter Pilot Pressure in session 2.  
 
    
5.   Subject Inclusion:   Graduate or undergraduate students at Louisiana state  
    university between the ages of 18 and 40 who are less than  
6 feet, weight less than 180lbs, are free from high blood 
pressure and have no musculoskeletal abnormalities will 
participate in study. Participants who answer YES to any of 
the following questions will be excluded from the research.  
 
    1) Has your doctor ever said you have heart trouble? 
    2) Do you frequently have pains in your heart or chest? 
    3) Has your doctor ever said your blood pressure was too  
     high/ too low? 
4) Is there a good physical reason not mentioned here why    
    you should not follow an activity program even if you    
    wanted to? 
     
6.   Number of subjects:  60 
 
7.   Study Procedures:    
The experiment consists of two sessions. During session 1 
the anthropometry data such as Stature, Standing Eye 
Height, Sitting Height, Sitting Eye Height, Sitting Shoulder 
Height, Sitting Knee Height, Buttock-Knee Length and 
Thumb tip Reach are collected. Then the Subjects reach for 
the knob placed at different height over the ground level 
ranging from 40-140 cm with an increment of 20 cm also 
for different angles from the seat reference plane (300 to 
1200). Reach envelop of each subject is measured in 54 
different positions under two experimental conditions. In 
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section I subject will be wearing shirtsleeve and in section 
II they will be wearing a VKK-6M Fighter Pilot Pressure 
Suit. Hence, the basic purpose of this research is to see how 
the use of personal protective equipment is altering reach of 
a person sitting in the cockpit and to accommodate 
anthropometric considerations into this study. 
8.   Benefits:        There will not be any direct health, monetary or mental  
    benefits to the individual participant. But the results of the  
    study may be beneficial to the greater population as it leads  
    to a  better understanding of how reach may be effected by  
    the personal protective equipment and the anthropometry.  
 
9.   Risks:               The possible risks of participating in the study are muscle 
soreness and/or strain, and fatigue. 
 
10. Measures to reduce  
the risk:   The risk involved in the study is minimized by excluding  
all the subjects who don’t meet physical requirement or 
answer YES to the health-screening questionnaire listed 
under subject inclusion section in consent form. Pressure 
suit used is equipped with a pressure relief valve and 
pressure in it is less than 5 pounds/sq in. A pressure gauge 
is attached to see that applied pressure is always less than 
50 % of the rated pressure and suit pressure is always 
monitored. In case of any physical injury to participants 
during this research project, treatment is not available at 
Louisiana State University, nor is there any insurance 
carried by the University or its personnel applicable to 
cover any such injury.  Treatment and financial 
compensation for such injury must be provided through the 
participant’s own insurance program. In case of emergency, 
the local emergency service (911) will be contacted. 
 
10.  Right to Refuse:     Subjects may choose not to participate or if at any time  
during the study, subject feels uncomfortable with any 
method or performing the requirements, formal withdrawal 
from the study will commence at any time without any 
penalty. 
 
11.  Privacy:         If the results of present study will get published, names or  
    identifying information of the subjects will not be included  
    in the publication. Subject identity will remain secret unless 
    disclosure is required by law. The data will be stored in a  
    locked cabinet or password-secured computer. The    
screening questionnaires of rejected subjects will be 
destroyed. 
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12. Financial Information:  
Subjects are volunteers and will not be compensated for 
participation in this study 
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CONSENT FORM 
 
 
13. Signature:                                                  
 
    The study procedure was completely explained to me and all my questions have been 
answered. I have understood the procedure and if I have additional questions regarding 
study specifics I may direct them to investigator. If I have questions about subjects' rights 
or other concerns, I can contact Robert C. Mathews, Institutional Review Board, and 
(225) 578-8692. I agree to participate in the present study and acknowledge the 
investigator's obligation to provide me with a signed copy of this consent form.         
                                                                        
 
 
 
         
                                                                                
       
       Signature of Subject                                      Date 
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APPENDIX - B 
DATA RECORD FORMS 
 82
 
Table a.1: Subject Anthropometric Data Record Form 
 Subject #  
1 Age (years)  
2 Stature (cm)  
3 Weight (Kg)  
4 Eye Height(standing)  
5 Eye Height (sitting),  
6 Knee Height (sitting)  
7 Shoulder Breadth (bowed)  
8 Shoulder Breadth (reaching overhead)  
9 Shoulder Height sitting  
10 Thumb-tip reach (sitting)  
11 Sitting Height  
12 Buttock-Knee Length  
13 Shoulder-Elbow Length  
14 Forearm-Hand Length  
15 Forearm-Forearm Breadth  
16 Population: Asian Indian /Caucasian  
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Table a.2: Reach Data Record Form - LEFT HAND 
Reach Data # 1 (VKK-6M Fighter Pilot Pressure suit reach)         LEFT HAND 
 Angle 60 90 120 150 180 
Plane  1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 
40                      
60                      
80                      
100                      
120                      
140                      
 
Reach Data # 2 (Shirt-sleeved clothing reach)               LEFT HAND 
 Angle 60 90 120 150 180 
Plane  1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 
40                      
60                      
80                      
100                      
120                      
140                      
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Table a.3:  Reach Data Record Form - RIGHT HAND 
Reach Data # 1 (VKK-6M Fighter Pilot Pressure suit reach)         RIGHT HAND 
 Angle 0 30 60 90 120 
Plane  1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 
40                      
60                      
80                      
100                      
120                      
140                      
 
Reach Data # 2 (Shirt-sleeved clothing reach)               RIGHT HAND 
 Angle 0 30 60 90 120 
Plane  1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 1 2 3 Av 
40                      
60                      
80                      
100                      
120                      
140                      
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APPENDIX - C 
NORMALITY TESTS 
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Test results - Ryan-Joiners correlation coefficient and Kolmogorov-smirnov test 
of normality on Caucasians stature 
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Figure a.1: Ryan-Joiners (RJ) correlation coefficient close to 1 indicates 
normality of Caucasian stature 
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Figure a.2: Kolmogorov-smirnov (KS) normality test value greater than 0.05 
indicates normality of Caucasian stature 
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Test results - Ryan-Joiners correlation coefficient and Kolmogorov-smirnov test 
of normality on Asian Indians stature 
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Figure a.3: Ryan-Joiners (RJ) correlation coefficient close to 1 indicates 
normality of Asian Indians stature 
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Figure a.4: Kolmogorov-smirnov (KS) normality test value greater than 0.05 
indicates normality of Asian Indian stature 
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Test results - Ryan-Joiners correlation coefficient and Kolmogorov-smirnov test 
of normality on average without-suit reach distances. 
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Figure a.5: Ryan-Joiners (RJ) correlation coefficient close to 1 indicates 
normality of average without-suit reach distances. 
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Figure a.6: Kolmogorov-smirnov (KS) normality test value greater than 0.05 
indicates normality of average without-suit reach distances 
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Test results - Ryan-Joiners correlation coefficient and Kolmogorov-smirnov test 
of normality on average with-suit reach distances. 
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Figure a.7: Ryan-Joiners (RJ) correlation coefficient close to 1 indicates 
normality of average with-suit reach distances. 
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Figure a.8: Kolmogorov-smirnov (KS) normality test value greater than 0.05 
indicates normality of average with-suit reach distances 
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APPENDIX - D 
EXPERIMENTAL PROCEDURE 
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Figure a.9: Subject wearing VKK-6M pressure suit before inflating the suit 
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Figure a.10: Subject wearing VKK-6M pressure suit inflated to hold 10.5 Psi 
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Figure a.11: Subject wearing VKK-6M pressure suit seated centrally on the 
experimental pilot seat with back resting on the sensor switches and strapped with 
shoulder harness. 
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Figure a.12: Subject wearing VKK-6M pressure suit, reaching for knob with his 
thumb projected beyond the proximal interphalangeal joint of the index finger as 
he reaches towards the measuring device. 
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Figure a.13: Subject wearing VKK-6M pressure suit, performing static strength 
test on test handle placed at 90° to seat reference point and 60 cm from ground 
level. 
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Figure a.14: Subject wearing VKK-6M pressure suit, performing static pulling, 
lifting up and pushing down task 
 
 
Figure a.15: Subject wearing VKK-6M pressure suit, performing static grip 
strength task 
 
 97
 
 
Figure a.16: Subject wearing VKK-6M pressure suit, performing simulation of 
Joystick motion 
 
 
Figure a.17: Subject wearing VKK-6M pressure suit, performing simulation of 
emergency release task on dynamometer handle placed at z = 120 and θ = -15°. 
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